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wheels utilize the impolsiye force of the water, and to prevent their being sabmerged in flood time, 
M. Cblladon places their axes upon movable supports, which renders them capable of being raised or 
lowered at pleasure. It is a very primitive kind of wheel, having a duty inferior to that of common 
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undershot wheels with straight floats, when well established. It is not suitable for wheels of 
gt^at power, on account of the complication which is the consequence of the movability of the axis 
and the little rigidity which results from it. 
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TVrMia. Under the Dune of tniblnes are iDcladed thoae kindBOfvbeet* which sreoomtnicled 

to nlilite the tis vim poesencd by the wRter in virtue of the velocity with which it amvee npon 
tbe wheel, thia velocity being due to a height sanBibly equal to that of the falL The water ia 
brought upon the buckets 07 blades of the tm-niDg portion of the wheel, or turbine p^Dpe^, by 
channel* difltributed over the whole, or gometimea over a portion only of the oiroumfereooB of the 
torbine : these with their vaiiooa paita coDHtitnte tbe fixed part of the wheel, Bometimea called the 
dlitribotor. ^ 

Turbioea may be ereoted apon either vertio*) or horlwntal shftfts. There are two oluaes of 
lorbinea with a vertioal shaft. In those of the first olan tbe water arrives horizontally upon the 
blades of the revolving part of tbe wheel through the interior of the latter, and iwnes horizontally, 
tbiu Sowing away from the axis. This is Foumeyron'i »y*tem. The revolving blades form thns 
a seriaa of vertical cylindrioal channels Included between two horizcmtBl walls. In thoae of the 
seoond olam, called Euler"! turbines, the water enters the wheel from above and iMnw from below, 
remaining thus at a constant distance from tlie axis. 

Fmrveyron't Syilem of TWinra, — We will not stop to examine here the theoretical oonaider- 
ations involved in the oonoeption of thii kind of turbine; these oonsiderationB have been fully 
developed in another plaoe. We will oonBae omselves (o giving a description of a turbine of this 
system, represeiiled by Fig. 4053. 



built into the lower mill-race. A lever f, to which is attached an iron rod, regnlates the height of 
the shaft, so as to remedy the wearing away of the pivot and keep tbe turning part of the wheel 
•Iwajrs in the same poaition. The vertical shaft A tnma in a kind of sheath Fof cast iroo, hearing 
on its lower part the flxed pc«tion of the wheel, or distributor P, which is furnished in its centre 
with a very elongated nave bored and fitted upon the sheath. This sheath F is centred and held 
in iti poeition by a cast-iron colUi B and three wrongbt-iron bmoea Qied as shown in Ibe fignre. 
The cylinder c serves as a gnlde toon inner cast-iron cvlinder V, which eonatitntes tbe tlniceof the 
turbine, and which ii laiMd or loviered by sliding between moving and tbe fixed portions of 
the wheeL Thia sluice la worked by means of thiee vertical rods t, working into female screws 
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oominanded b3r (t single piece r>F mectianiBm to euaure an equal motion or the rode. The oyltDder 
is bolted upon tbe wooden floor of the water-chamber of the turbine. The fixed p»rt P is prorided 
with directing blades which run from the oater circumference; half of theee blade* reach the centre 
or nave, and half stop short at the mean oLcoumfereuce. Their me ia to direct the water into the 
reTolilng part of the wbeel. 

One giave defect of thie kind of turbine is the facility with which plants and leaves aocnmn- 
lata among the flied blades ; for this reason it ia oeeessar; to place a thick screen in some part 
above the wheel. 

Tlieoreticall; this tnrbine ahoold work beneath the tail-water to avoid a loss of fall; hut 
practically it can be submerged only by a (jtuuitity equal to the lift of the eluice. If the turbine 
be placed out of the tail-water, and the sluice lifted to its full height, tbts turbine will be placed 
in its DOtToal conditions with respect to tbe mode of action of the water ; a pressure will be 
established in the ohannols of the moving; part of tbe wheel, and the turbine will be revolved by 
reaction. If, on the contrary, tbe sluice be only partially lifted, tbe mode of action of the water 
may be changed ; the veins of water, on leaving the flied blades, enter the channels formed by 
the revolving blades, tbe opacity of which is, in that case, too great, and disturbances are pro- 
dui^ed which cause a decrease in tbe duty or percentage of work of tbe wheel. 

' Some experiments made with Foumeyron's turbine at a factory at Inval (Fianoe). with a low 
fall, and turning under water, gave the foUowing reanlta ; — 

Liftoftheslnice .. .. 0"-091 0'°-U5 0» 200 0"-S00 0"-M5 
Percentage of work .. .. 0-*9 0-58 067 0-G9 0-71 

From wbich it will be seen that the percentage of work diminishes with the lift of the sluice. 

M. Foumeyron. to remove this very grave defect, divided the height of the moving portion of 
the wheel into three compartments (Fig. 1053). separated by horizontal partitions; but tliesa 
partitions correspond to only three lifts of the sluice, and therefore remove the defect for only 
three particular positions of the sluice. It is a very imperfect remedy. 

Among this class of turbines we must mention those of the Messrs. WilliamsoD, of Kendal, 
in which the water is let into tbe wheel from withont. Theoretically this arrangement Doseosse* 
DO advantage; it renders the construction of the turbine more complicated, and ought to be 
rejected, as well as Foumeyron's turbine itself, because it requires a volume of water and a 
Telocity of rotation absolutely constant, conditions that can rarely be satisQed in practioe. 

When tbe fall is high, the turbine cannot in general be erected in water-chauibers constructed 
of stone end wood, because the expense would be too great. lu snch a case the turbine ia erected 
in a cast-iron tank fed by a conduit pipe from tbe upper mill-lace. The height of the water in the 
upper race above the orifices of the revolving wheel must be sufficient to prevent the formation of 
hollows over these orifices ; I mt^tre ma^ be considered as a minimum. It is moreover necessary, 
for tbe free discharge of the water, to give a sufficient depth to the lower race benenth the wheel, 
to keep tbe mean velocity of the water there below D<°-60 or thereabout. These conditions cannot 
always be satisSed with a turbine and an open water-chamber if the fall is rather a great one, the 
construction of the lower race in these esses bein^ very expensive. This labour is considerably 
lessened by means of a very simple oontrivanoe, mvented and oHen applied by Bf. Girard, a 
French engineer. 

Fig. V&i, to which we will retora later, represents tbe application of this arrangement to one 
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the lower level, ukd the fomuttion of hollows is wbolljr sToided. The form of tho siphon \a 
Btndied with a view to guide the wktor in the moat effective way on Ita urlval upon the revolving 
wheel, Odd to utilize coiueqaeiitl; the impnlaive foree ooneeponding to the velocity which it has 
In the nphon. 

The diametrical aeotloD of the turning wheel and the form of the bkdea have been modified 
bv U. Giitird, BO that the tttrbine moves by free deviation, that is, the water flows in the buckets 
01 the revolving wheel as in an open channel, ao that the motion of this turbine satisfles as nearly 
as possible the theory relative to the motion of an isolated vein of water. 

The slnice of the turbine represented in Fig. 4054 consists of a cast-iron cylinder, as in 
FoDmeyron's turbine ; but the diametrical profile of this cylindriosl sluioe is mach more favoorable 
to a proper guidanoe of the liquid veins : the water issues from the fixed portion of the wheel 
through a aeries of conical ajutages farmed by the fixed blades, its inner wall R and that of the 
cjtindrical ^uioe 0. The revolving wheel A is fixed upon the bottom of a hollow cast-iron 
■pindle or shaft D, which passes through the central casing of the tank, and terminates upwaids 
in a kind of ear E, in which are placed the pivot and box. This box is screwed to the upper 
end of a central fixed sliaft F, of wrought iron, passing through the hollow shaft snd fixed below 
in a box or socket bolted to a hard stone sat in the lower mill-race. This mode of constrnotioii 
renders the repuring and the greanng of this, the most delicate part of the wheel, very easy. 

Fig. 4055 represents the deUils of the oonstrnction 
of the upper portion of the shaft D. 

liie pivot F tenoinates in a screw working into 
the head H of the hollow shaft, In which it is made 
to ascend or descend by means of the female screw 1. 

It often happens that the level of the lower race is 
variable ; indeed this is the usual case. In such circum- 
stances the turbiue is placed with its lower aide down 
to the lowest level, conscqnently in flood time the tur- 
bine is under water. This immersion of the revolving 
wheel is a favourable circumstance for Foumeyron's 
turbine when the sluice is wliolly raised ,- but it is 
no longer favourable when circumstances do not admit 
of a complete raising of the sluice. And this case 
often occurs, because the capacity of the turbine is 
calculated with a view toobtain, even witba minimum 
fall, the power requisite for the mill . In snch con- 
ditions the buckets of the revolviag wheel are partially 
filled with the back-water, which is relatively at rest ; 
the result is a shock and a consequent loes of work. 
To remove this grave defect, common to all systems of 
turbines, and to maintain sensibly constant the per- 
centage of useful work in the conditions to which we 
have referred, M. Oirard has invented a method of 
keeping the wheel bee ofwaterbymeansof oompreseed 
air driven under the revolving wheel by a small blow- 
ing machine driven by the turbine itself. 

This very important improvement is shown in 
Fig. 4054, as having been applied to one of Foumey- 
ron's tnrbines modiSed by H. Qiiard. The moving 
portion of the wheel is enclosed in a cast-iron cover 
H, perfectly air-tight, into whieh opens the pipe m, 
through which the compressed air is injected. The 
cover H runs down (I) to a reservoir of air K, in which 
the air collects, which is oarned along mechanically 
by tho water as it escapee &nm the turbine. A ver- 
tical tnbe n, terminating in a kind of reversed funnel 
0, serves to let oST the snperfiuoua air. The position 
(H tlie lower edge of the funnel detennines ttiat of the 
artificial level of the water produced beneath the tur- 
bine by the injection of the air, so that the revolvir ~ 
wheel works ir """ ' 

level of the rac 
advantage of this ingenious contrivance is. 

EaUr'i Hirfan/. — In tliis kind of turbine the water enters from above. To avoid a loss of fall 
the lower face of tho revolving wheel must l>e down to the lowest level of the liack-waler. If this 
level is constant tho turbine will be always out of the water. This kind of wheel therefore 
possesses an inoontestablc advantage over Foumeyron's, which must work constantly under water in 
order to fulfil the same condition. 

One of the first French constructors to apply Euler's principles to the construction of turbines 
was M. Fontaine, of Chartres. Figs. 4056 to 40.18 represent a turbine erupted by him at the mill of 
Tsdenay, with some of its principal details. The adductor channel B opens into a water-chamber 
formed of two side wails of hydiaiilic masonry and a wooden framing A, and a vertical partition D, 
also of wood. The fixed part of the wheel F is bolted upon the framing A ; the moving part H is 
fixed to the lower part of a hollow shaft L, the pivot of which is arranged as in Fig. 4055. Tbe 
eentml colnnm or fixed shaft is let into a cast-iron support E bolted to a hard st^e set in the 
lower mill-race. The hollow shaft is enclosed in » cast-iron casing I In two pieces, which rises 




' "t ^^^"^ i^LITi^''^^\ iS^ At l"«^ «°'l "f pi"-*- Section U cd. 
y l>e. We shall see later wliat the *^ 
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• little ftboTs the higbeEt level of the top-watei. The slniae of the tnrbme ooneiBta of thirty-two 
■mall vertical gKtes V, Figs. 4057, 1058, aliding in EToovea in the side obeekB of the fixed portion 
of the wheel; toecwh gate la attached an Iron lodl fixed b; two nata to an iron ringc. Thia 
ring ia Boapended upon 

three or mora vertical *"••■ 

wrought-irm roda T, 
terminating opwards in 
a Betew that works into 
the piece m turning in 
a gtoove. EfLoli fiait 
m oftrriea a apuivpinion ; 
all of these pinions geckr 
into a wheel r, so that 
bj taming this wheel 
in either direction the 
rode T or the ring e, 
and oonaeqtieDtl; the 
tliirty-two eliiioe-gates, 
are taiasd or bwered. 
Tbn* if it be required 
to leduoe thediBonargo 
of water to one-third . 
or one-fourth of the < 
total oapaoitT of the tur- 
bine, eaob 01 the aluicea 
will be rtueed a third 

01 a fonrth of its total 4s 

beight. M»i. 




Suppose that a turbine receiving the water throughout its ciroumference h 
oeitain seasons of the year, only the half or a third of the volume of water corresponding ti 
total capacity. There are two wave of reducing the expenditure of the torbine so as to make it 
exactly eanal to the volume fumislied by the stream. The first, employed by H. Fimtaine in the 
turbine which we bavo just described, coUEistB in proportionately reducing the opening of all the 
orifices of the distribntor. This is a very bad way, and it greatly rednoes the pucentage of work 
at the very time when it can least be afforded, namely, when the Btream is low. The second way, 
Ibe best and most rational applications of which ne owe to M, Giratd, oanaists in opening only that 
number of orifices which correspond to the volume to be expended ; thia is the principle of partial 
iluicei applied to tuibinea. Many examptee of the application of thia principle were shown in the 
Paris Exhibition of 1867 ; but as all of tliem were very objectionable from some point of view, we 
will not attempt to deacribe them here. The Exhibition did not, indeed, show the progress which 
has been made doling the last few years in the construotion of turbines. This progress we will 
■how in our article on Tubbihks. To thia end it will be necessary here to call attention to a few 
generalities applicable to all systems of tnibinee. 

The form of the directing blades being given, that of the moving blades is deduced so as to 
allow the water to enter without shock; to effect this, the first element of Ibe blades muat be 
directed ecoordiug to the rtUitivt velocity of the water at its entrtmoe. The ratio of the abiolut* 
velocity with which the water issues from tbe orifices of the fixed portion of the wheel, with the 
linear velocity at the periphery of the wheel, may be taken aibittarily ; the value of thia ratio has, 
however, an infiuence on the percentage of work. 

[f the Iia«ar velocity of the wheel ia nearly equal to that of the water, tbe wheel is called a 
A^A-prtsmrv tatbine. The ohoioe of this proportion enables na to use a wheel of a relatively small 
diameter, with a large volume of water. The adoption of a high-pressure toibine ia often rendered 
neceeaary ;^1, by the neoeesity of expending a larce volume of water nnder a low fall (1 mitre 
and even leas) ; 2, by tbe diminished cost of tbe wheel and the works requisite for its establiBh- 
ment ; 3, by the advantage of obtaining a greater velocity in the shaft of the turbine, which nanally 
■impliflei mnch the tnuunniasion of the motion. But the porcentoRB of work in wheels of this kind 
rarely exoeeds 0'6S. Therefore in moat cnaes, even on rather high falls, it la better to give the 



ETDBAULIO UAOHINES, VABIBTIE8 OF. 



ter. Thia proiK^Mm ehataoterizeB tbe wheria 
entage of iroik mav •ImijrB be ooiiBldenibly 



turbine k relodtr eqtul to kboat hMf tliat of th 

kaown u low^ireuiirt turbinee, iu whlob the perc4 „ . _, 

greater than tn&t of high-prcMUie Itubinee working aad^ the aama oonutiooa of fall mad Tolume. 

Tbe cnolv important aiid rotionaJ improvemeota in the ooDBtrootion of toibinea on Enlar'a 
ayateni are aue to M. Oirard. Fig. 4059 repreeeuU one of Qirud'i taiUna with an open water- 
ohiunber, the partial Blaioo- ^^^ 

age of which oonai^ta of a 
aerieBof Tettioal aluioea Bimi- 
lar to tho«e of Footaine's tur- 
bine explained abore : but 
inateod of their being all 
ralaed at onoe, the; are tai^ 
one after another by meani 
of a kind of rook and pinion 
communioating with a go- 
Temor jdaoed aboTe Uie 
whed. Fig. 4059, A B, ». 
Thia kind of alnioB norka 
perfectly, and maj be 
adapted to the action of an 
automatic regulator. 

Tbe objection to whioh 
ve called attention In tbe , 
caee of FoumeTron'a tnibine 
vheu the level of the book- 
water ia Tariable, eiiets alM 
in those of Euler's system. 
H. Oirard, however, remove! 
this objection bj clearing 
the wheel of water by means 
oF compressed air in the 
manner we have before de- 
scribed. Fig. 4059 shows the 
areaagement of the bydro- 
pnenmatic appotatoa of M. 
Girard applied to a turbine 
with an open water-cham- 
Ls experiments 
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140 fixed currea .. 

2r = 2»-48 40 moving curres 

1 (A- = 0-30) .. 


1-79 
1-63 
1-60 


10(oDt of 40)0-25 
16 „ 0-40 
20 „ 0-50 


0-75 ) 


0-58 1 
0-68 1 


tzj-is.o-ji 


(80 filed omres .. 

2r = 1-70 164 moving onrresl 

1 (V = 0-20) ..) 


2-710 
2-660 
2-635 


24 (out of 60)0-30 
82 „ 0-40 
36 0-45 


0-78 1 

to 
0-80 1 






Spinning Um of Amitty (Z<«rt). 

3r = 3-600 1 

SOflxedcurvea I 1-80 

60movingciirve»(S' = 0-3G)..( 


A* (out of 80)0-17 
18 „ 0-22 
24 „ 0-30 
30 „ 0-375 
36 „ 0-45 
49 „ 0-60 

U8 „ 0-60 


0-69 
0-71 
0-73 

0-77 
0-78 
0-80 


0-70 


0-80-0-70 
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I TSlvee a a, each 
worked by > apecial meot^iUBm, 
ana of whiob ie Bhown in the 
figure. We ought to csll fttl«n- 
tioQ here to the eioellent and 
■troog anuigement of the rap- 
ports of the Tertical shaft of tfie 



B of the 



tDtblne M veil ia tb< 
ffiill-eheit. 

Ab the two TtJveB work indt- 
pmdmtly of e«oh othor, onlj cue 
Deed be opeoed in seaaona when 
the water is low ; thia is (&voiir- 
able to the nuuntenance of a, nxid 
peroentage of naeful effect. It ia 
evident that thia tarbifle which, 
at most, U fed upon half its oir- 
eumferenoe, moat not work under 
water. If the level of the biusk- 
vater ia Tariable, the turbine 
ahonld be placed so as to utilize 
tbe whc^e &11 in leaBons of low 
water; in flood time it ia kept 
clear of water b; meaoi of com- 
preaaedair. 

A.tuibine oT thi« kind ia ap- 
plitsble to the case of a very 
TBiLBble, but not large, volume 
of water (1000 to 1500 litrea a 
eecoud at the moet), with a mode- 
rate fall, or in the case of ven 
variable voltunes with a high fall 
In the latter case the turbiue ia 

S laced in a oloaed iron tank. 
'Iten the gntX height of the fall 
la not tlie only reaaon for the 
adoption of a cloeed tank. Bome- 
timea the conformation of the 
place where the wheel has to be 
erected, or some other local reason, 
lends to the adoption of tbe iron 
tank, in which the water is 



chamber. 

Fig. 4061 represents a turbine 
with a eloee tuik on Oirard's 

■j^rtem, flied under a low ^ 

Rill ■ the figure in question . 
shows the arrangementa to 

be given in such a case to | 

the hy<Iro-pnoumatia appa- s 

ratna. The wheel U fed with | 

water throughout ita peri- = 

phery ; and the aluioe con- - 

■lata of ten or twelve eliding _ 

vatvea movine horizontallj, _ 

The form of the lank ia do- _ 

aignsd to enable the water _ 

to enter readily, and to pre- _ 

vent any loaa of force through _ 

a mddon change of veloci^. ^ 

The motion of the slide- „ 

valves cleara away any ob- _ 

Btniotiona that may aooo- i 

mnlate. Aa each valva : 

correaponds to seTBial ori- ^ 

flees in the flied or guiding ~ 

part of the wheel, and as - 

eaob valve ihoald be fully I 

opened in order not to re- - 

anoe the proportion of uaeltal \= 
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eSM of the oaneBpoudiiiK orifiaea, it follaoa that we oeiinot by means of thli sretem of dnioe 
■' ' ' ■ .... ,{ ^^^ j^ - . 



. . to combine theee two syctom* of aluloes. 

Figs, 4062, 4063, represent this urangement for the case of a turbine with an npeu water' 
chamber. The following refarencee will render a deeoriptian nnneoeaaary ; — A, moving portion 
of the wheel; B, Siad portion ; C, flied colnnm or shaft; D, hollow spindle; E, stuffing box, 
serving u nn uda to the register-valTa ; K, differential regialer-valve with one blade oovering O'lO 
of the olroomferenoe ; L, spindle oonunandinz the rocistar- valve ; P, spindle commanding the 

valve*; 8, ho," ' ' " 

slide-valvee. 

It will be rettdily seen that by "nitmg tha slide-valve* and the Tegister-valve, we may fiiUy 
open a number of onSoee azsotly neoeasa^ and snffldent to nse only the volume of water furnished 
by the etreun; there is at most bnt one, the regiater-Talve,wbaieonSoee ore only partially oovered; 
but this ia unimportant. 

When ft torbiua has to expend a relativelj small volume of water nDder a high fall (S mfetree 
and above), there is an advantage in supplying It with wntei upon a portion only of the oitmim- 
ferenoe, beoaiue in that case it may have a iatger diameter, and coaaeqneDtly revolve a leas nnmber 
of timet than If it were supplied thronghovt its eircomferenoe. We may then adont the sloioe 



two independent register-valves. But in many cases M. Girard prefers to supply the wheel 
only } or 1 of its ciroomference in order that its orifices may be larger, and k\ le« liable to 
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be blocked up. TheBe reMons led him to eonstniot the toibine with a Jul*™/ aijector, roprcMDted 

in Fig. 4064. The elaioe of tbia tuibine consiaU of a dinple oiiculu sector ot tkIts, from which 

M. Fontaine first got the ids* of a rolier-valve. 

These toibineH pneaeea the immenee ndvBntage 

ot being almost wholly open, and therefore are 

easilj inspected, cleaned, and repaired. But it 

will be Been that the; are not suitable to a 

Tarying lerel of back-water, aa they cannot 

work nader water (boice eappUed upon only » 

small portion of their cuoamierenoe), and the 

hydro-pitminatic apparatus is not applicable to 

Turbines with k vertical aiis possess a 
delioute part, munely, tbeit pivot, which, if it 
bu to sappcni too heev; a load, or if it tarns 
loo rapidly, is liable to becume heated. This 
defect is of great importance in high-fall tnr- 
bbeo, the vertieftl spindle of which ia often fer; 
long and heavy, and baa to carry besides the 
weight of toothed wheeta or pulleys. M. Qiratd 
has completely removed this difficulty by the 
application of two hydraulic pivots, represented 
in Fig. 4069. This mvot ia placed at the bottom 
of the hidlow spindle, that is, upon the Soor of 
the lower mill-raoe. 

It emsiats of two caat-lroD plates, P and P*, 
l^nrided with grooves. The nppei plate P ia 
wedded npon uis bottom of the hollow spbdle 
H, beneKUi the revolving wheeL The lower 
plate P* is cast with the part which reoeivee the 



bottom of the central oolnmn or fixed spindle , for not 
withstanding the employment of the hydraulio pivot. U 
Girard. as a precautionary measure, employa the ordmary 
pivot suspended to the upper portion of the hollow apmdle, 
aa already explained. 

A mult pipe brings the vrater from (he upper race 
between the two plates of the pivot by means of the 
tnbnlure I cast in the lower plate. Of course the dia 
meter of theee plates mnat be calenlated accordme to the 
weight they have to support and the height of the fall 
We have seen this hydraulic pivot applied in many in- 
■tanoes, and in all with perfect suooeas, 

JonvoTs TWii'iK.— Pig. 4066 represents a turbine co 
Enler's system, with the piutlonlar arrangements intro- 
duoed by Jonral. This turbine may be fixed in any in- 
termediate point between the upper and the lower levels 

of the fall, taking care only to 1 -"- — "-- "-'-" 

portion of the wheel A a snmcient 
witliout eddioe or hollows. 

The moving portion of the wheel B ia wedged npon an iron spindle, the jpivot of which tarns 
in a step or b^ing in the centre of a support, arranged as shown in the oguro, and bolted to 
the tuik or oiatem D, which enolosce the turbine and comea down to the floor oJF the tul-taoe, 
where it onrvee horizontally to allow the water to Sow out. The turbine is not provided with 




enter pioperljf, ihat is. 
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sluleea, so that the orifioes of tbe dutribatni ore bIwbji MIy open. The aipenditaie of water la 
regtilated bj meaiiB of a vertical Blaioe-gnte R, placed agaiiut tbe diaohaige onfloe or the walL By 
cloaing this gate mote or leas, the eipeoditute ol ^^ 

the turbine is diminiahod in proportion to the dimi- •JJ* 

nation of volume in the Btreom. Thia arrangement 
is a very bod one ; — 1, becaiue it prodneca a con- 
tnotion vbich oocasiona a Iobb of fall tliat becomes ^ 
all the greater as the volume of water dkniniahes ; '- 
3, because the orifloei remaiatng fully open, tbe Z 
velocity of the water is diminished, and tbe veloci^ ^ 
of the turbine must be proportionately reduced if -; 
its percentage of useful work is to be maintained. 
Bnt this condition of giving a variable velocity to 
the turbine Is Inoompatible with tbe exigencies of 
most mills. 

H. Andr£ Ecieblin has endeavoured to remove 
this defect b; two means. The first and olieapest, 
bnt least ^eotive, oonsista in redncing the breadtli 
of the orifloes by means of mitre-wedxeB. In this 
way, when the stream is low, the velocity of the 
water as it eDlera tbe turbine ma; be kept about 
the same, so that the velocity of the wlnel may 
also be maintained without much variation in the 
proportion of useful work. Bat if it were attempted 
to make thie means really effective, it woold be- 
come impracticable : for as many aeries of wedges 
would be teqnired aa there were different values nf 
the volume of water furnished by the stream. The 
other means, which is much more eipeawive, con- 
sists in erecting, npon a stream whose vcJume of 
water vaiies, two or three of JoQval's turbines, 

when a single one of Oiiaid's. with & piirtial sluice, would saffloe. The capacities of tbeas mnltipla 
turbinea are calculated in such a way tiiat the quantity of water used by each sluiU undergo only 
Tery slight variations. In flood times, all the turbinea are set going; when the water is low, on 

.<_ "ra^, that one only ianaed which has been erected Bpccially £ir this season. This artifioe 

:ceUeat one for the millwright : but it increases coneiderably the original outlay. It does. 



however, poeaesa the advantage of dividing the motive power among several v> heels, which enables 
tbe mill t^ keep working while repairs are being executed. 

Aa Jonval's turbine may generally be placed, in the case of moderate or high bUs. considerably 
above the highest back-waters, they may be inspeeted and repaired in any seaaon witboDt it being 
neocaaary to draw off tbe water previously. 

I\trbint3 iBii/t a Horiiontai Axil. — By applying tbe theoretical and practical rules which serve 
in the construction of tarbines with a horizontal axis, many engineers and millwrights have 
enotfld water-wheela having a horiiontai axis, which utilize the water in precisely the aama way 
M ordinary turbines. Tliese are generally known aa turiiinei milh a liontontal ozu. 

The Paris Exhibition ot 1867 oontained only two kinda of these turbines. One waa exhibited 
by a firm of builders at Jenbach (Tyrol). But it ia merely a Jonval-Kochlin turbine turned the 
otiier way up. Through a horizontal cylindrical tube, which forms the tank or well of the turbine, 
passes the shaft upon which the wheel is fixed. A circular checuel cast in one end of this tube 
and perpendicular to its axis, receives the feed-pipe ; tbe water is gnidcd upon the wheel by flxed 
bladea. arranged as in Buler's turbine. At the other end of the tabe and aleo perpendicular to it 
is another siiuilar channel through which the water is discharged ; this orifice is provided with a 
valve for the purpose of regulating the expenditare of water. 

Theae are the chief arrangements of the Jonval-Sochliu Imbine. There are many objeotiona 
to be urged against them. The channels by which the water is introduced and discharged being 
perpendicular to the axis of the wheel, there is a considerable loss of fall consequent on tbe sharp 
angles. Tbe valve which serves to rcgnlste the expenditure of water, by aoticg upon the discharge 
orifice, constitntes a faulty arrangement, as we have aeeu above : and as the wheel works constantly 
immersed, it must be supplied with water throngliout its oircumference, if the losa of work which 
we have already pointed out is to be avoided, and which cannot be removed here by means of com- 

Sreesed air. Thia neceasity led to the adoption of tbe valve placed agsiast the discharge orifice : 
at the remedy is a very imperfect one. Let us add, that for streams having a small volume of 
water and a very high fall, the adoption of this kind of turbine, as well as iWmeyron's. neces- 
ritatesthe giving a small diameter to the turbine, with very smalt orifices which are easily blocked 
Dp. Besides this, we have a great velocity in the ^ft of the turbine, and consequently many 
chances of breakagea and repairs. 

Two small models of turbines with a horinmtal axis on Canson's system were alao exhibited. 
These turbines are of a very simple and primitive oonstmction. Tbe wheel, arranged like that of 
Foumeyrou's turbine if ita axia were placed horizontally, is erected upon a horizontal shaft 
resting upon two ordinary cushiona. The water is directed aguust the lower blades of the 
wheel from tbe interior by a simple pipe, the single orifioe of which ia opened more or less by 
means of a small vertical sluice. The water is therefore very badly guided on issuing from 
the pipe, so that the proportion of useful work ia small, hardly above 50 peteent.of the gross work 
expended. 

Thia land of turbine is, howeror, frequently met irith in the south of Franoe, where the pro- 
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gnm of science has onl; begun to niEJie itself felt. But it ii tut dusppwiiog from milk wbeM 
K ratioDkl utilizatioD of v&ter-power la reoognized. 

TorbineB with a horizonUi axis posseBB, however, special advantage when, H in Caason'i 

5 stem, they leceiva the water upon a portion only of their ciraamfereDce. These advantagrB ftra 
a foliowiSB ; — The whole periphery of the wheel being eipoeed to sight, it is easy to oba^e tho 
way in whiah the water acta, and to keep the blades and the other parts of the turbine in a good 
ooDdition: the abeence of a. pivot and all water-tight fittings for the shaft, renders the matwne 
'less delicftta, oUova it to revolve very rapidly without danger, and diminishes eonseqiiently the 
cbanoee of aooidenta ; as the wheel is supplied with water upon a portion only of its cinmnifeTeiioe 

a at the most), it follows, as in the uoso of turbines with a vertical axis and lateral biiector, Uiat 
e orifices of the fixed sector or mjeetor and those of the wheel present relatively larger dimensionB, 
and consequently less liable to be blocked by the rubbish brought down by the water ; and laatly, 
the level of the boclc-nater may vary in a oertoin degree without lessening the proportion of Dseful 
work, sinoe the turbine may work immersed in the back-water to a depth equal to the verged tine 
of the ore upon wbioh the water Is brought. But to realize all these advantages, the blades, both 
moving and fixed, most have all the improvements of farm and dimensions intradooed iato ttie b4«t 
vertical turbines. 

The only horizontal tnrbines which satisfy all these cooditions are those of H. Girard. Theae 
turbine* may be applied with equal success to very high and to very low foils. The Exhibition td 
1867 ooulaiued no specimen of theae remarkable wheels ; but we will give examples of two kinds 

Fig. 4067 represents a small turbine on this system, adapted for a veir high fall and a small 
volume of water. Tliia model is equally applicable as the special motor of a machine-tool or of a 
lifting machine, snoh aa paper maobiQea, cranes, and so on. The wheel a is fixed npMi the eod ot 



a horizontal shaft h h, which is provided wftb one or more pulleys. The wa.,er is brought through 
a pipe bolted upon the orifice i: of the injector. The whole ts erected npon a single bed-plate, 
which thus tenders all the parts solid witb each other. 

Fig. 4068 represents a large turbine which works directly and without gearing a horiiontal 
water-pump with a plunger-piston and double aotion, of which H. Girard has lately made many 
uid remarkable applications for raising water for supplying towns. It will be ettsily seen that 
this turbine may be applied (as indeed it has been) to any kind of mill. The wheel a is 
erected upon a horizontal wrought-iron shaft, and rests tipon two cushions. The injector b sup- 
plies the turbine upon a small portion only of the circnmferenoe, which aUows large orifioea to be 

The proportion of usefnl work reached by these turbines may be &mn 75 to 80 per cent, a! the 
gross work expended. This kind of turbine is suitable to low or moderate falls and large volumes 
of water. It may be advantageously substituted for auy other kind of wheel required to give great 
power with a low fall. Id support of our assertion we mention; — 1, the turbines of 5" '20 diameter 
erected by HH. Gallon and uirard for suppijing water to the town of Le Uans, which give 
each an effective power equal to 25 boree-power under a fall of 1 mitre; they make from ten 
to eleven revolutions a minute, and they each drive directly and wilboat gearing two horizontal 
^unger-piston double-action pumps which force the water up into the reaervoirs of the town. 
Their useful work, in nattr raittd, according to the official experiments made by M. Dupuit, the 
representative of the interests of the town of Le Hans, is equal to 0'S6 of the gross motive work 
of the fall ; henoe we may conclude that as the proportion of the useful work of the pumps is 
79 per cent., that of the wheels in question is 75 per cent; 2, the four turbines of II^'GO in 
diameter erected by H. Girard for the water-works of Paris, at Saint Maur, on the Name, which 
supply the Isige reservoirs recently oonstructed at Me'nilmontant. Each of theae wheels gives an 
efreotive power equal to 120 horse-power, under a fall that varies from 5 to 2"'50. Each of 
them works directly and witboat gearing a pump similar to those described above. Experiments 
made npon these powerful engines by Parisian engineers have shown a proportion of useful work 
In water raised of 64 per cent. A remarkable peculiarity of these wheels is their dnioe. It 
ooDsists of a series of vertical iron gates or hatches, each worked by a piston moving in a donble- 
Mtion cylinder, into which the air Oom the pump reservoin is let. The driver ba* merely to tmn 
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kind of tarbiue with a horizoDtol axis, called the screv-wliMl, designed to utilise the potrer of laige 
Btresma having a very low fall (froM 0"'50 to0*''60) and a ooOBidemble Tolnme of water. Two 
of these wbeela were erected eome time ago by H, Oiraid, at Noiaiel-sur-Marue. Ab a reference 
to the flgora will ahow, the wheel baa ita axis in that of the canal, and tuns oonseqnentlj in a plane 




perpeodicnlar to tlie direction of the water. Ttiia kind of turbine haa no Bloioe; the Tolnme of 
water which it ezpenda ineKSBee in proportion aa tlie fall diminiahes, and dimlniahes, on the 
ooQirary, in proportion aa the fall inoreaaea. We think It might bo very advantageooalj applied 
to our large itreams, in conjunction with the large turbine-wheel described above. 

The variety of hydranlie machines that we next introduce ia a water-wheel, which belonga to 
the turbine daaa, and which waa invented and brought moceaafull; into use by Jamea Thomson, 
engineer, Belfaat. 

In this machine the n 

water is injected into the c „ , . ._ . 

motion of rotation. Betaining this motion it paaaea onwai^ towards the centre, where alone it is 
free to make its exit. The wheel, which ia placed within the chamber, and which almost entirely 
fills it, ia divided by thin partitions into a great number of radiating pasaages. Thioogh these 
"" water mnat flow on its coarse towards the centre; and in doing so it imparts its own 
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rotatory motion to the wheel. The whirlpool of water acting within the whed-ohamber, being one 
principal feature of this turbine, leads to tne name Vortex aa a suitable designation for the machine 
as a whole. 

The Tortex admits of seveial modes of construction, but the two principal forms are the one 
adapted for high foils and the one for low falls. The former may be called the high-pressure vortex, 
and the latter the low-pressure vortex. Examples of these two kinds, in operation at two mills 
near Belfast, are delineated in Figs. 4070 to 4072, with merely a few unimportant deviations from 
the actual constructions. 

Fig^. 4070, 4071, are respectively a vertical section, and a plan of a vortex of the high-pressure 
kind in use at the Low Lodge Mill, near Belfast, for grinding Indian com. In these figures A A 
is the water-wheel. It is fixed on the upright shaft B, which conveys away the power to the 
machinery to be driven. The water-wheel occupies the central part of the upper division of a 
strong cast-iron case CO; and the part occupied by the wheel is called the toheel^hcanher. D D is 
the lower division of the case, and is called the supply chamber. It receives the water directly finom 
the supply pipe, of which the lower extremity is shown at E, and delivers it into the outer part 
of the upper oivision, by four large openings F, in the partition between the two divisions. The 

4070. 





linoEl 



outer part of the tipper division is called the ^ide-blade chamier^ from its containing four guide- 
blades G, which direct the water tangentially into the wheel-chamber. Immediately after oeing 
injected into the wheel-chamber the water is received by the curved radiating passages of the 
wheel, which are partly seen in Fig. 4071, at a place where both the cover of the wheel-chamber 
and the upper plate of the wheel are broken away for the purpose of exposing the interior to view. 
The water, on reaching the inner ends of these curved passaRcs, having already done its work, is 
allowed to make its exit by two large central orifices, shown distinctly on the fig^ures at the letters 
L L ; the one leading upwards and the other downwards. It then simply flows quietly away : for 
the vortex being submerged under the surface of the water in the tail-race, the water on bein^ dis- 
charged wastes no part of the fall by a forther descent. At the central orifices, close joints 
between the case and the wheel, to prevent the escape of water otherwise than through the wheel 
itself, are made by means of two annular pieces L L, called yotni-n'n^s, fitting to the central orifices 
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wliioh the water fiowa into the wheel-chamber, each sitnsted *"*■ 

between the point or edge of one guide-blado and tha middle 

of the next, ilotermine by tbeir width the qaantiiT of wstei 

admitted, nud consequently the power of the nlieel. To 

render this power capable ot being varied at pleosnro, the 

guide-blftdes are made movable round gudgeoue or oentres 

neu their points ; and a spindle K is mnnocted with the 

gnide-blades by means of linka. cranks, iui., in such a way 

tlutt when the spindle is moved, the four ontranca orifices 

are all enlarged or oontiBcted tUike. This spindle K, for 

working the guide-blades, ia itself worked by a handle in 

a oonvenient position in the mill ; and the motion is com- 

mnnieated from the handle thtongh the medium of a worm 

and sector, which not only serve to mnltiplv the force of the 

man's hand, but also to prevent the guide-blades from being 

liable to the accident of dapping, or of being suddenly shut 

from the force rf the water constantly praas^g them inwards p ^f ,^^ ,^| Rg. 4071, „„ , j,^, 

TheKudgeonsoftbegmde^blade^seeninFigWlassmaU ^ to diow Ihl form rf th. TS« 

circles, are snnk m sockets in the floor and roof of the guide- ^ acxniatelv 

blade chamber ; and k tbay do not in any way obstruct the ' * 

flow of the water. 

H, in Fig. 4070, is the pivot-box of the upright shafL It contains, Bxed within it, on inverted 
brass cup shown distinctly on the figure; and the cup revolves on an upright pin or pivot with a 
steel top. The pin is held stationary in a bridge N, which is itself attached to the bottom of the 
Tortei-case. For adjusting the pin as to height a little cross bridge O U made to bear it up, and 
is capable of being raised or lowered by screws and nuts shown distinctly on the figure. Alan for 
preventing the pin from gradually becoming loose in its socket in the lu^e bridge, two-pincbing 
screws are required, of which one is to be seen in the figure. A small pipe fixed at its lower end 
into the centre of the inverted brass cap, and sank in an upright groove in the vortex-ehaft, aSbrda 
the means of supplying oil to the rubbing surfacca, over which the oil is spread by a radial groove 
in the braas, A cavity, shown in the flgnrea, is provided at the lower part of the cup, for the pur- 
pose of preventing the oil from being rapidly washed away by the water. Great stress being laid 
on the supposed necessity for oiling the pivots of turbines by Continental engineers, J. Thomson 
was led to endeavour to find and adopt the beet means for oiling pivots working under water. The 
oiling, however, is a source of much ^uble ; and he has foond in the oourse of his experience that 
pivote of the kind described above, made with brass working on hard steel, and with a radial 
groove in the brass suitable for spreading water over the rubbing surfaces, will last well vritbont 
any oil being supplied. 

Pour tie-bolts, marked P, bind the top and bottom of the case together, eo a« to prevent the 
pressure of the water tiotii causing the top to spring np, and so occasioning leakage at the goide- 
blades or joint-rinra. 

The height of Uie foil for this vortex is about 37 ft., and the standard or medinni quantity of 
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water for which the dImenBions of the various parts of the wheel and case are calculated is 540 
cnh. ft. a minute. With this fall and water-supply the estimated power is 28 horse-power, the 
efficiency being taken at 75 per cent. The proper speed of the wheel, calculated in accordance 
vrith its diameter and the velocity of the water entering its chamber, is 355 revolutions a minute. 
The diameter of the wheel is 22| in., and the extreme diameter of the case is 4 ft. 8 in. 

A low-pressure vortex, constructed for another mill near Belfast, is r^resented in vertical 
section and plan, in Figs. 4073, 4074. This is essentially the same in prmoiple as the vortex 



4073. 
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already described, but it differs in the material of which the case is constructed, and in the manner 
in which the water is led to tiie guide-blade chamber. In this the case is almost entireljr of wood : 
and, for simplicity, the drawings represent it as if made of wood alone, though in reality, to suit 
the other arrangements of the mill, brickwork in certain parts was substituted for the wood. 
The water flows with a free upper surface^ W W, into this wooden case, which consists chiefl;^ of 
two wooden tanks, A A and B B, one within the other. The water-wheel chamber and the guide- 
blade chamber are situated in the open space between the bottom of the outer and that of the 
inner tank, and will be readUy distinguished by reference to the figures. The water of the head- 
race, having been led all round the outer tank in the space G G, flows inwards over its edge, and 
passes downwaids by the space D D, between the sides of the two tanka It then passes through 
the guide-blade chaonber and the water-wheel, just in the same way as was explained in respect 
to the high-pressure vortex already described ; and in this one likewise it makes its exit by two 
central orifices, the one discharging upwards and the other downwards. The part of the water 
which passes downwards flows away at once to the tail-race, and that which passes upwards into 
the space E within the innermost tank, finds a free escape to the tail-race through boxes and other 
channels, F and O, provided for that purpose. The wheel is completely submersed under the 
surface of the water in the tail-race, which is represented at its ordinary level at T Y T, Fig. 4073, 
although in floods it may rise to a much greater height. The power of the wheel is regulated in 
a similar way to that abreadv described in reference to the high-pressure vortex. In this case, 
however, as will be seen bv the figures, the guide-blades are not linked together, but each is pro- 
vided with a hand-wheel H, by which motion is communicated to itself alone. 

In this vortex, the fall beine taken at 7 ft., the calculated quantity of water admitted at 
the standard opening of the guide-blades is 2460 cub. ft. a minute. Then, the efficiency of the 
wheel being faJcen at 75 per cent., its power will be 24 horse-power. Also the speed at which 
the wheel is calculated to revolve is 48 revolutions a minute. 

In connection with the pivot of this wheel, arrangements are made which provide for the perfect 
lubrication of the rubbins surfaces with dean oil. The lower end of the upright revolving shaft 
enterB a stationary pivot-box K, through an opening made oil-tight by hemp and leather packing. 
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Within ths box tiieto ia t. nnall stationary ateel plate on whioh the shaft revolves. Within the 
box, alio, there an two oil-ohambets, one aitnated above and rannd the robbing sarfaoe of this 




piftte, and the other nndenieath the plate. A constant clr- ^ff|t 

culauon of the oil is maintained by centriAigal force, which 

CAiuea it to posi f^m the lower ohamber vpwarda throneh a 

central orl^ in the steel plate, then ontwarda throng a 

radial giooTe in the bottom of the revolvlna; shaft to the 

npper chamber, then downwards back to the lower chamber, 

by one or mote grooves at the circumfeienoe of the steel plate. 

Ilie porpoae intended to be served by the provision of the < 

bwerehjunber combined vith thepamagee forthecinmlatioD 

ot the oil, is to permit the nil, while passing through the 

lower chunber, to deposit any grit or any worn metal which 

it may eontain, so that it may ba maintamed clean and may Part of ths wheel. Fig. 4074, drawn on 
be washed over the npper sorfaco of the steel plate at every ■ larggr Kais to abow the carvature 
revolntion of the tadiai groove in the bottom of the shaft of the vaiKa mora eorrectlj, 
A pipe leading from an oil-cistom L, in an acoessible 

silttatioa, conducts oU to the npper chamber of the pivot-bos; and another pipe leaves the 
lower chamber, and terminates, at its upper eud, in a stop^cock M. This arrangement allows 
a flow of oil to bo obtained at pleasure from the cistern, down by the one pipe, then through the 
pivot-box, and then up by tbe other pipe, and oat by the cock. Thus, if any stoppage were to 
occur in the pipes, it could be at once detected ; or if water or air were contained in the pivot-box 
after the first erection, or at any other time, the water could be removed by the jiipe leadioK to the 
■top-cock, or the air would of itself eecape by the pipe leading to the oatem, which, as well as the 
other pipe, has a continuous ascent from the pivot-tmx. Certainly may ocKisequently be attained 
that the pivot really works in clean oil. 

The inventor, J. Thomson, waa led to adopt tbe i»ivot-box dosed round the shaft with oil-tight 
stuffing, from having learnt of that arrangement having been succeaafully employed by E<ichlin, an 
engineer of MUhthnasen. At to the other parts of the arrangcmcnta just descrihed, he believed the 
settling chamber with the circulation of oil to be new, and he ri^rds this part of the arrangements 
as being useful also for pivots working not under water. In respect to the materials selected for the 
mbbing parts, however, he thinks it necessary to state that same doubts have arisen as to the 
suitableness of wrought iron to work on steel even when perfectly lubricated ; and he would 
therefore reoommend that a small piece of brass should be fixed into the bottom of tbe shait, all 
parts being made to work in the manner already eipliunad. 

The two examples which have now been described of vortex wftter-wheels adapted for very 
distinct cironmstauce^ will serve to indicate the principal featurea in the stmctural arrangements 
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of these maehinee in generaL Bespeeting their principles of action, some further explanations 
will next be given. In these machines the yelocity of the oironmferenoe is made the same as the 
Telocity of the entering water, and thns there is no impact between the water and the wheel ; but, 
on the contrary, the water enters the radiating conduits of the wheel gently, that is to say, with 
scarcely any motion in relation to their mouths. In order to attain the equalization of these 
velocities, it is necessary that the circumference of the wheel should move with the velocity which 
J a heavy body would attain in falling through a vertical space equal to half the vertical fall of the 
' '' water, or in other words, with the velocity due to half the fidl ; and that the orifices through which 
the water is injected into the wheel-chamber should be conjointly of such area that when sll the 
water required is flowing through them, it also may have a velocity due to half the falL Thus 
one-half only of the fall is employed in producing velocity in the water ; and therefore the other 
half still remauis acting on the water within the wheel-chamber at the circumference of the wheel 
in the condition of fluid pressure. Now, with the velocity already assigned to the wheel, it is found 
that this flcdd pressure is exactly that which is requisite to overcome the centrifugal force of the 
water in the wheel, and to bring the water to a state of rest at its exit, the mechanical work due 
to both halves of the fall being transferred to the wheel during the combined action of the moving 
water and the moving wheel. In the foregoing statements, the effects of fluid friction, and of some 
other modifying influences, are, for simplicity, left out of consideration ; but in the practiad appli- 
cation of the principles, the skill and judgment of the designer must be exercised in taking all such 
elements as far as possible into account 

In respect to the numerous modifications of construction and arrangement which are admissible 
in the vortex, while the leading principles of action are retained, it may be sufficient here merely 
to advert— first, to the use of straight instead of curved radiating passages in the wheel ; secondlv, 
to the employment, for simplicity, of invariable entrance orifices, or of fixed instead of movable 
guide-blades; and lastly, to the placine of the wheel at any height, less than about 80 ft. 
above the water In the tail-race, combined with the employment of suction-pipes descending from 
the central discharge orifices, and terminating in the water of the tail-raoe, so as to render available 
the part of the fall oelow the wheel. 

In relation to the action oSf turbines in general, the chief and most commonly recognized con- 
ditions, of which the accomplishment is to be aimed at, are that the water should flow uirough the 
whole machine with the least possible resistance, and that it should enter the moving wheel without 
shock, and be discharged from it with only a very inconsiderable velocity. The vortex is in a 
remarkable degree adapted for the fulfilment of these conditions. The water moving centripetally 
(instead of oentrifugally, which is more usual in turbines) enters at the period of its grei^est velocihr 
(that is, just after passing the injection orifices) into the most rapidly moving pitft of the wheel, 
the circumference; and, at the period when it ought to be as far as possible deprived of velocity, it 
passes away bv the central part of the wheel, the part which has the least motion. Thus in each 
case, that of the entrance and that of the disdurge, there is an accordance between the velodtieB 
of tiie moving mechanism and the proper velocities of the water. 

The principle of injection from witnout inwards, adopted in the vortex, affords another importsnt 
advantage in comparison with turbines having the contrary motion of the water ; as it allows ample 
room, in the space outside of the wheeL for large and weU-formed injection channels, in which 
the water can be made very gndually and regularly to converge to the most contracted parts, where 
it is to have its greatest velocity. It is as a concomitant also of the same principle that the very 
simple and advantageous mode of regulating the power of the wheel by the movable guide-blades 
already described can be introduced. This mode, it is to be observed, while giving great variation 
to the areas of the entrance orifices, retains at all times very suitable forms for the oonyerging 
water channels. 

Another adaptation in the vortex is to be remarked as being highly beneficial, that namely 
according to which, bv the balancing of the contrary fluid pressures due to half the head of water 
and to tiae centrifugttl force of the water in the wheel, combined with the pressure due to the 
ejection of ^e water backwards from the inner ends of the vanes of the wheel when they are 
curved, only one-half of the work due to the fall is spent in communicating xi^ tiva to the water, to 
be afterwwds tuken from it during its passage through the wheel ; the remainder of tiie work 
being cooununicated through the fluid pressure to the wheel, without any intermediate eeneration 
of via viva. Thus the velocity of the water, where it moves fastest in the machine, is kept com- 
paratively low ; not exceeding that due to half the height of the fall, while in other turbmes the 
wator usually requires to act at much higher velocities. In many of them it attains at two buo- 
oessive times the velocity due to the whole falL The much smaller amount of action, or agitation, 
with which tiie water ia the vortex performs its work, causes a material saving of power by 
diminishing the loss necessarily occasioned by fluid friction. 

This description is the one given bv the inventor. We referred, p. 1928, to the turbine water- 
wheel of J. Tnomson as that of WilUamson Brothers, who are the manufisoturerB of it The 
opinion expressed, p. 1928, is that of the experienced hvdraulio engineers MM. L. Vigrenx 
and A. Baux; see p. 140, voL iii., of E. Laoroixs work on the Paris Exhibition of 1867. Many 
ongineers as well as the manuihoturers of this vortex water-wheel^ hold a different qpinion to 
that of IfM. Yigreux and Raux. 

CTKam^pumjM.— Bastier's chain-pump, Figs. 4076, 4077, is very effective ; 80 per cent of the units 
of work applied are utilized. A vertical iron pipe descends to a little below the level of the water ; 
un endless h»n chain, carrying buckets at equal distances, works up the pipe and winds round a 
wheel erected on the top of the welL The buckets are provided with a pump-gear, cxmsisting of a 
leathern washer enclosed between two iron discs ; the diameter of the washer is a little less than 
that of the pipe, so as to leave a little play, The lower part of the pipe only is bored to the diameter 
of the washera, which at this point act as pistons. The object of this arrangement is to diminish 

6 B 
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the loss at initar vithont ot 
which the water f 
tisJl;, la wored t 
links of the chun. i na oiroom- 
Terence of this pnlley ahonld 
contam sn exact numboi' of 
times the distance between two 
washen, aad hollows ihould be 
oat in the groove to leceiTe 
these wnehar-plngB ; this pre- 
Tents the eharn from slipping. 
The chain is snfflcientl f weighty 
to require only a Email guide- 
pnlle; at the bottom of the pipe. 
The velocity of rotation of 
the wheel u at leant 80 or 40 
tevolDtions a minute, and may 
go up to 100, whioh oone«pond« 
to a velodty in the ohain of 
1°>'50 to 5 mfetiea a Moond. 
Whatevei the Inventor may Mjr, 



the Bides of the pipe ana the 
plugs inoreaMa. and seaond, 
because the water arrivea at 
the top with a tueleM velocity. 

This machine is employed 
in minea, and with very good 
reanlta. Theoretically it . ia 
adaptable to any height : but IT the depth la very great, the nsenil eSbct is oertainly diminished. 
The oonstrnctor guarantees from 80 to 90 per cent, of work, but as we have not lud an oppor- 
tunity of veriljiDg these Qguies, wa give them under reserve. 

M. DuroioCa Hydrauiic Prt^ller, — This is B simple and rustic mnohine, and in eertatn oases it 
may be advantageously substituted fbr a pump. The ascensiou-pipe terminates downwards 
in a filed cylinder of a oonaiderable diameter, which is sunk beneath the water. A kind of 
bucket fixed to movable vertical rods outside the cylinder, u moved np and down by means 
of these rods Hnd a hand-tevor fixed on the top of the well. At each stroke the bucket fills 
itself, and lifts the column of water in the ascension .pipe ; as this column cannot fall back into 
the well, a portion of it ia ejected above. The apparatus may be with single or double action, 
and the arrangement of the lovers may be varied et will. It is applicable to any depth, 
since there is no suction, bat it is obvious that a great length in the transmission-rods is objec- 
tionable. , It is easily fixed, and rarely gets out of order. It mav be used to raise dirty water, 
or to Irrigate with liquid muitu«ai or it may be used in tan-yards or in gaa-honaes, to raise the 

Caligny't CoTtieal Pump, leithoat Piston or Valee. — M. Coligny haa made many experiments and 
fbrmed many theories respecting certaia oscillating motions of water in pipes ; and he haa invented 
• great nuimier of machines for utiUxing a fall of water to raise water. We will not describe these 
machines here, for we do Dot consider them of very mnch value : we will merely mention one 
which he calls a pistonlees and valveless pump. This is a simple pipe of iron or dnc, 4 metres 
In loogth, cylindrical throughout the upper linlf of its length, and conical below, the diameters 
being 0°"1!I in the cylindrio&l portion, and 0'°'36 at the lower base of the cone. An alternating 
vertical motion given to this appaistus produces in the water in whioh it plunges oertain 
oscillations which cause it to asi»nd to the top of the pipe, where it may be received. Consider- 
able pmotioe is neoeasarj to arrive at this result. It would ooonpy too much of our spooe to 
explain the theory of this instrnmeut. 

C/nnnpaawr't Autud^/namic Elmator.—Tbii Is in reality a H^ron foDntatn, roidered self-acting by 
an ingeniouB arrangement of Boats and valves. The water enters through a pipe e. Fig. 4078, 
into a receptacle C, and passes thence throngb the pipe m into a aIo«ed teceptaale A. A Boat 3, 
placed in this vessel, and bearing a valve d, is weighted so as to have a weight equal to the weight 
of the water which it displaces ; oonseqnently it loaee Its weight, but does not change its position. 
The level ascends into the vessel C, up to the float /, which, being connected with the ftoat g, 
raises the httter, and doses the valve d. When the water has reached the height E, it Sows off 
through the pipe Ki, which takes it Into a second closed receptacle B, placed at the level 
obtainable. As the receptacle B fills, the air which it contains is oooipreesed, and through the 
tube ip forces the water remaining in A np the asoension-pipe rq. When the level of the water 
haa reached r, the compressed air escapes through the aume ascension-pipe, the atmoapberio 
pressure ia restored in both receptacles, the float g drops and opens the valve d, and the water 
iMgius again to fill the receptacle A. During this time the receptacle B must be emptied ; for 
this pnrpose there is attached to the rod of the discharge-valve I a flcal 0, the ascending power of 
which is sufficient to open this valve when the pre«nre npon it does not exceed that of a oolmnn 
of water of the height of the receptacle. Bo long as the air is compressed by the oolnmn of 
water K >', the valve I remaina therefore cFosed: but as soon as the atnioapberie preasare Is 
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flowa off. The valve I mast remtin open imtil tha 



natored, tha floet 

emptying u complete, 

veweb tu,xt, tennlDAtiDg in a discharge-pipe y. The inner xeael baa 

an oriflee e, too Bmall for the quantity of water that inaee : the water 

then lifta the float n, which by its rod holds the talre open, and the 

latter does not close till the vessel B is quite empty. 

The water is tbns raised in an intermittent manner in the ascen- 
rioD-pipe rq, if the varioaa pafts of the apporatoB have suitable relative 
dinenBions. The limit of the nseful effect of this machine maybe easily 
determined. Let Q be the auantitv of water that arrives through the 
pipe t ; H the height of the level of thb reesel C above tha level of the 
receptacle B ; H' Uie height of Mcenaion above the level of the recep- 
tacle A ; y and V the disposable volames of the two reoeptaclea B and 
A. It is evident that H' cannot exceed H, and that it Is even a little 
- H'-f.l0°"33 



lesa. MoreoTer, by applying Boyle's law, we have 



y.- 



(-10— as 



* »lwayi a little leas tlum the half of qnantity of water nude use of. 
As to the dynamic work of the appsntoB, it is certainly veir greftt, the 
loss of height of water being only equal to that of the veasel C, ana the 
resistancea being small, for they are reduced to the resirtance of 
the valves and tbe friction of the water. 

Though the antodynamic elevator reqoiree a long description. It is 
very simple, and when clear water has to be raised, it needs but little 
attention. It may ba of service in certain oases, such, for instance, as 
distributing tha water supplied to a house; the level reaching about tba 
middle of the house, about half of the quantity allowed may be raised to 
the upper stories, the second half, in this case, not being lost, since it 
may be used on the ground floor. This has been suooessfully done at 
Harseilles. The arrangement of the apparatus may be varied with 
eircnmstanoes, and tbe inventor says that with a slight modifl^tion it 
may be employed to raise other liquids without their becoming mixed 
with the motive water. 

Pumpi pnper, — Under this haul we shall inolude all piston-pumps 
with an alternating motion, with single or double action, whether worked 
by hand or W an inanimate motor. Beservii^ for a later page flre- 
engiues, whieh may be grouped together, and the kind of pumps eailed 
onTimited, we will examine a number of models by the prinoipal mabera, 
without oonfining oorselves to any partionlar older, a simple olaasJSca- 
tion being very aiffionlt. 

Cbnunoa i'uni^. — aa/tet Sttamrjnmpt. — Thomas Boott, of Rouen, 
erected two of his stcom-pnmps upon the banks of the Some, for the 
service of tbe International Bihibition of 1867. Baob of these pumps, 
or rather pumping machines, consiBted of two vertical 
pumps with a plnnger-pisbm, the rods of which wei« 
oonneeted with a beam, and moved in contrary diieo- 
tloua. One of Woolf a two-cylinder engines acted upon 
one end rf the beam, the other carried the oonneoting 
ndof a By-wheel common to both machines. The sup- 
port of tbe beam was a hidlow oast-iron oolnnm, which 
•erred at the same tinw as an air-reservoir. 

Thia kind of motoi is well adapted, fKim Its alow 
and regular motion, to the woiUng of lar^ pnmoa. 
It has an elegant apnearaace, and its motion is ma- 
jestic^ a* the motion of this form of mgine should be: 
but we are not at all snre that its action would con- 
tinue satisfactory tat any length of time. Buoh oon- 
atructions must be very aconratel; made, and carefully 
put tt^ether. 

Carratt, JfarsAofl, ami Oo.'i Stsnn-pwnps, Pig. 4079.— 
These macjunea consist of a steam-engine and a lift and 
force pump, withapluager-|Hston,uponauefi*me. The 
kind represented in the figure, which is capable of rala- 
ing 10 cub. metres an hour to a height of SO mfetrea, 
consists of a vertical steam-oylinder Died in the upper 




piston. The t^me is erected upon tbe water-cistern, 

which oonlains reservoirs of air for the suction and the 

forcing. If tbe steam-engine is supplied by a special 

boiler, a small force-pump may be added (shown in the fore part of the flgnre) for the service 

of the boiler. All tbe parts are pnt together so as to ooeupy a small space ou the ground. 

In another and smaller kind the steam-piston and the plunger have a rod in common, only 
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Interrnptod b; a fr&ine for the place of the crank which drives the fly-wheel ; the n 
are in the ooIamnB of the frame. Tbeee uraDgements are adapted only to oasea where the luctioD 
does not exceed 7 or 8 mHree. In the case of a greater height, the motor must be aeparatad from 
the pamp by lowering the latter into the well. 

Earl/s SIgam-pamp.—liitile, of Springfield, HottBchiuetta, has produced a pomp. Fig. tOSO, 
which ia intereating from its thorougUj American dmplicit; and origuialit;. The iteam-piBton and 
the plunger, both horizontal, 
are oooneoled by a rod which 
iBoommontoboth. Theelide- 
valvo ooDBlsts of a simple 
CMt-iron cyliader, perfectly ' 
balnnrad, ivhioh lets the 
BtMm alternately npoD the 
two faoee of the pttton. The 
piitos-rod ia provided with 
a Tertioal pieoe, which, at 
the end of each atroke, 
■trikei agaiuit cleats upon 
the alide-valve rod, the in- 
tennittant motion of which 
la thTM vorv iimply oom- 
manded by tne motor. 

The particular arrange- 
ment of the Blide-Talve ob- 
viates the neoe«»ity for a 
fly-wheel or any rerolvine 
part, there being no dead- 
points; the eu^ue is set in 
motion by aimpty turning on 
the steam. We may add 
that the various parts are 
arranged bo as to be eauly 
inspected, and the oon<(tmO' 
tion of the water-box allows 
of the valves being ohangad 

at pleasure : the pistons have a metallic packing, and there is a raservoir of afr 
the water-cylinder, designed to i^ulate the asoeniion. 

This pump is aertaioly a very remarkaUe one. Simplieity of oonstmction, lightness, and eon- 
■eqnently lowneas of price, easy motion, sailabilitr to a variable motion (a slow motion, however, 
gives the highest percentage of work) ; soch are the prinoipal advantages which recommend it to 
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de rOo^an. The anangement of ihU pump, as in the caae of the foregoing, obviates the necessity 
for a fly-wheel, or any other revolving part ; hence great simplicity of construction and an incon- 
siderable weight Two horiasontal steam-oyliDders act directly npon two water-cylinders, the 
pistons being connected by rods common to both. One of the steam-pistons is always in the middle 
of its stroke when the other is at the end of its stroke ; hence the two pistons command reciprocally 
their slide-valves without the medium of eccentrics or any similar contrivances. Besides this a 
certain regularity of motion ia obtained. With a velocity of 100 strokes a minute this engine will 
raise 600 cub. mStres of water an hour to a height of 15 metres. 

Farcofa Steam-pumps, — To show the nature of these pumps, we will describe one used at the 
water-works at Angers, Fig. 4081. It is a vertical pump, the piston of which is connected directly 
with the piston of a steam-cylinder H above. The steam-engme is not shown in the fi^^ure, but it 
is of 45 nominal horse-power, and, at a speed of 16 revolutions a minute, gives an effective work in 
water raised of 89 horse-power. 

The pump A is of single action in the suction And of double action in the forcing. This is 
effected oy means of a double piston with a single rod ; the lower end is a hollow, clack-valve 
piston (diameter 0"*48), and the upper end, a plunger-piston, of a smaller diameter (O^'SS). The 
common stroke Ib of 1""20. During the deacent the water passes through the lower piston and is 
forced by the plunger ; during the ascent, there takes place a sucking and a forcing of a volume of 
water depending on the difference of surface of the two pistons. The proportion between these two 
surifaoes is calcSated. regard being had to the heights of sucking and forcing, so as to produce a 
work about equal to the ascending and descending. The other interesting parts of the machine axe : 
a reservoir of air B placed upon the suction-pipe G ; a valve D which may be shut at pleasure ; a 
reservoir of air F upon the forcing pipe E, with a level indicator and a contrivance for supplying 
the reservoir with air ; and a safety-valve G with an alarm whistle. 

Another system of FarcoVs pumps is shown in Figs. 4082, 4083. This was erected a few years 
ago to supply water to the town of Ldsbon. It includes two barrels or pump-chambers A, A', 
0"*45 in diameter, joined at the base by the vessel K. The two pistons B. B , have a stroke of 
0"'15; their rods are con- 
nected by a cross-piece O, 
connected with the cranks 
upon the shaft of the driving 
wheel G bv two connecting 
rods D, D . Both pistons 
move together and in the 
same direction; they are pro- 
vided with simikur clack- 
valves, but opening inversely. 
During the ascenmng motion 
the piston B' sucks from the 
tank N, and forces the water 
above it into the air-reser- 
voir P, and firom there to thb 
works; at the same time 
the piston B, having its 
valves open, allows the water 
coming through M to pass. 
During the descending stroke, 
the piston B sucks through 
the pipe M and forces the 
water beneath B', which 
allows it to pass. This ar- 
rangement possesses the ad- 
Tan'age of making the water 
flow always in the same 
direction, which is not the 
ease with oomnum pumps. 
The principle is the same as 
that of Stolz's twin pump, of 
which we will speak later, 
with this difference, that the 
pistons move simultaneously. 
There are no other valves 
than those of the pistons; 
these are very large, to lessen 
the resistance to the pas- 
SBge of the water. They con- 
sist of three parallel series 
of inclined traps, Fig. 4084, 
formed of metallic plates p, 
lined with leather m on the 
closing side, and with indiar 
rubber n acting as a spring 
on the other side ; the course 
of the traps is limited by the 
stops q. The piston B' is 
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in evei7 leepect dmilaT 
to B, but revoreed. 

Tlie effective work 
of thla pump il great. 
For rates of speed tbt;- 
iag from 25 to 60 roTO- 
lutiona a minute, ex- 
periments have flhown 
a mean of 0'60 of 
work. The peroentap 
iuoreued with tBe 
height, and reaohed, 
for a height of 13 
liliti«^0-74for 45re- 
Tolutiooa, and 0'70 for 
60 leTolutiooa. The 
waste ia from 2 to 10 
per cent. It will be 
•een that the number 
of strokes sui]' be prettj 

Eeat, wbieh renders a 
.;ht motor BofBoieiit; 
but the maker has been 
careful (ochooseasmall 
stroke in order not to in- 
crease the velocity of the 
water at the eipeuM 
of the BseAil effect. 

As a specimen of 
onotber kind, we give 
in Fig. 4085 a hori- 
zontal double - action 
pump, the piston of 
wbicn is solid, but 
with inner gear. The 
cylinder, the claok- 
tioiea, and the air- 
leservoir placed on tho 
top. form a single body, 
of oast iron, and verj 
compact ; the four 
valves maj be easily 
inspected, and the form 
of all the pcuis is ench 
that the water Is not 
oompelled to flow ronnd 
shaip angles, I 
tion wbion lesi 
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OiranfM homont"! Fniap, 

Figs. 4086 to 1088— ThU sys- 
tem of pump, which is designed 
to be worked by an inanimate 
motor, comprises two horizontal 

pnmp-ohambers with a single piston, Kaoh of the chamben fa with single utioD ; 
commnnioatioo with a double valve 1x)i situate at one extremity, into which the suet 
delivery pipes open, so that the piston, at each single str(&ft sucks the water in one 
and fbicw it in the other. The valvei are well guided in their upward roorse, and 1 
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hj theti own weight, avisted b^ the action of a ipring above, the flection of which may be 

jegulated at pleasure. The aaotioD as well ai the delivery tnbed ere brought together upon the 

aama conduit The piston is a hollow caBt-iroD, or better bmoze cylinder, tiaYcrsed from end 

to end by the rod, and haring ^^ 

no external ptojeotion ; It hi* 

» diameter of 0''S9 and a 

■troke of 0°>-S2. The gear or 

leathering is on the ontaide, 

which renders its inspection 

and repair easy. The whole 

ii erected upon a cait-irou 

■tand, on which are the plitoQ- 

fod guidee and the plotnmer- 

blocka of the driying shaft. 

This part ia not shown in the 

figure. The design and the 

constmotlon of this pnmp are 

equally good. 

Zelttiu't Pampi. — H. Le- 
taata'i pompa sje well known, 



tleratioD. 




Plan. 



of the piston, which, inst^ of terminating in plane tJMMs, is oompoaed of a copper cone pieroed 
with boles, and covered with a piece of prepared leather rolled back upon itself and replacing the 
claok-valve. This leather opens during the descent of the piston, and allows the water to pan 
through the holes, and olceea, on the contrary, as the piston ascends. The pump is thus a 
sii]gle«ction, snction, and IiFt pump; the stream which it supplies becomea continuous by 
employing two barrels, or a reservoir at the top, 

Experiments made at the CooBervatoiredea Arts et Meiers, gaTeO'48 to 091 as the meanper- 
centage of work; it reached 0'56 at low rates of speed; long strokes, with an equal velocity, are 
favourable to the useful eOect. The waste, or qnantity lort, u from 5 to 7 per cent, of the volnme 
generated by the piston. 

These pnmps posseM advsntaees In many cases. The piston is less liable to choke than the 
emnmon nistons when thick, maddy water has to be raised ; but the foot-valves at the bottom of 
the cylinder, poaseaaing no peculiar feature, may act badly and stop the working of the [>nmp. The 

[lislons seldom get out of repair, and when they do, the repairs are easily effected, This, with the 
iltle difficulty eiperieneed in fixing them, explains the very general adoption of these pump*. 
The arrangements for driving them neoesaarily vary with the use they are to be put to, and also 
with their power. The largest exhibited in the Paris Exhibition was a double, vertical, chambered 
pump, the chambers 0"-60 in diameter. The pistons were driven by cranks fixed upon two toothed 
wheels of the same diameter, driven by a single pinion. The motor was a steam-engine ; a fij- 
wheel upon the shaft of the pinion r^nlated the motion, and a reservoir of air In the middle keeps 

isflow. The qa»ntity of water disoharged was 400 cub. mitres an hour. 

""* ■■ .nofMM.NU 



XHh^t Piut^. — This system, the invention ol 



[. Nillns, of Havre, ia commonly known nndel 
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vhioh a rod and a valve are attached. B; oommnnioating a reeiprocating motion to the lod, the 
valve opens and ahnta aa %he leather takee alternately a coDcave or a convex form, and the water ia 
Buoked up and fon»d out accotdingly. Tbeaa pumps powew the advantage of Hoiking well in 
thiok, muddj waters. The nwful eflect, nolwithatanding tbe diminution of friction due to the 
absenoe of a piston, does not exceed that of good common pumps. Experiments made with a two- 
ohambered model, in which the leather was 0~'6 in diameter and the valve 0"15, showed a neaa 
work oC0'50. This percentage decreased aa the speed increased, wbich isnsiiaU; the case. 

Th'rion's Pump.— This pump consists of two pump-chambers with pltmger-pislons, the rods of 
which are actuated by a beam placed above, and supported b; the air-reserroir. Tbe beam is not 
ajrimnetrical ; one end is carried out and jointed to a connecting rod, which connects it with a Sy- 
wheel that receives its motion from a portable engine. Clearing is made use of to diminish the 
speed. Tbe use of a beam that does not receive tUrectly the force &om the eteam-piiton seems to 
ns objeotiocable ; it uselessly increases tbe weight of the machine, the Tatiooa parts are nut suffl- 
ciently compact, which renders a large frame necessary, and the fly-wheel is placed &r from the 
resistance, wbich is an irrational arrangement. 

Htnry and PtyrolUi's fump). — Henry and Peyrolles, snocesaors to H. Blolz, of Paris, have 
msde, in theii ftnn. pumpt. Fig. 4089, a modification of the essential parte of a pump. This 
variety bas two cylinders, and the pistons, which are hollow and provided with valves, move in 
eontnuy directions. The middle chamber, throngh which the water is forced, is in communication 
with the upper face of only one of the pistons. It will be seen, from an inspection of the figure, 
that tbe vrater, sacked up by Ibe left piston, passes through it and then flows beneath tbe right 
piston, whiah forces it up into the middle diamber. Thus the water always fluws in the same 
direction, and the resistances due to a cliange of direction avoided. It is tme that this advantage 
is leasened by the fact that the water has a longer circuit to make, by which the friction ia 
inoreued: but it may be driven at a greater speed than tbe eomidon systems. We do not know 
of any experiments made to ascertain llie percentage of work obtained from tbiji pump We will 
---'-'■' irfartheron. 






of the re 



rotative pumpi of this maker farther oi 




Tk» Cattraiu Airuh, ooiulrvcUd by MX. SeMattr <md Ftmrei. of Cailm, Fig. <090.— These ero 
•ocktog and fonnng, ooable^otion pumpa, with a diigle pnmp^diamber. Tbe piston is leathered, 
but baa no valvea ; tlie pmnp-ohamtwr, which ia either vutical ca horizontal, ta enclosed in a tank 
divided by a diaphmgm perpendicular to the azii of the piston. The valves, four in nnmber, are 
hollow india-nibW balls, weighted in the centre with small shot. They are arraD)^ in pairs in 
two lateral boxes, a section of which iashowniD the flgtire. the lower valve tci^ng fi? the sueking 
and the upper for the forcing. Ea«h half of the water-box enclosing the pump^hamber is in 
eonatant communication with the interval between the two valves of a box. In the figure the 
lower part of Uie tank oorreeponds with tbe valves represented. While tbe piston is sucking 
through one box it is forcing through the other, which is the case with ail donble-aetion pumps. 
The peculiarity of the Castraise pump is tbe use of the water-tank spoken of above, the effect of 
which is to render the volume of water contained in the pump much larger than the volume of the 
cylinder; the aansequencie of this is that a portion of the water acted on by tnetlon traveraea 
the valve-cbambera only, withont passing through tbe pomp-chamber, tbe piston being, an to speak, 
always in contact with the same water. This arrangement enables the pump to work in mnddj 
water by plaeing tlie iditon beyond the reach of injury fnnu the passage of gravel, and to on. 
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ExperiinentB haTs given 056 ob the mean pereenUge of vork, the highrat, for a low rate of 
■peed, beinz 0'6G. The waste or loas of water waa from 7 to 10 pel cent The aotlou of then 
pampa, the form and dimanBiortB of which nir]' with their ap^ioatioD, is very tat iafaetorjr. and tbeii 
cost a not great, in spite of their relatively great weight. The makers have added to their latest 
models au aii-resarvoir, from which the; elpecl good resaltB. 

P<rreuuz^ Pump.— The essential character of Perreaax'* pump oonsUta in the me of india- 
Dbber valves, o;Iii]diical at the base and flnt at the top, which gives them the form of the mnuth- 
iece of a clarionet. Like this latter, the; termioate in twolipa which, under the inflvenoe of the 
pressures resulting from the rising and falliog of the piston, open or close throngh the elasticity of 
the material. One advantage of this elasticity ia that the solid matters brought in with the water 
may pasi through without causing injuiv. The retaining valve is placed at the bottom of the 
ojliudtir. whilst the other, suitably eilended in a cyliodiical form at its base, forma a piston. The 
india-rubber is stiffened with ribs of the same material. The pnmp-chamber iaof copper, and may 
be enclosed in wood. The upper part, which ia closed, serves aa an air-reservoir if the ponip ia 
■imply a snotion-pump ; if it is to be forcing as well, a small copper erlinder placed at the side, 
and alao provided with an india-rubber valve, forms the aii-reeervoir. The various parts are easily 
taken to pieces. These very simple oonstructions may be made of any form ; they are of great 
service for agrioultural pnrposes, and whenever it is required to raise water loaded with sand. 

Uotlft Btllowt Fuaa), — The necessity of keeping the leathering in a good condition in pistoQ- 
pnmps hai led to the acfoptton, for hydraulic purpoaea, of the principle, familiar to all, of a pair of 
bellows. Hotte'a pnmps, which are frequently employed to clear the water from eicavations, 
consist of two iron plates put together with leathern rides in exactly the seme way as a common 
pair of bellows. They are worked by means of a beam. We have no numerical data relative to the 
niefal effect, hut there must be a considerable loss of power due to the dead-Bpeu:es in which the air 
ia oomprested and expanded nselessly at each stroke. These machines are well made, and tbej 
work vei; imaotbly. 

Jnnaidtes' B,tl-incfbfnn Pump, — This pnmp is similar in principle to the one described abova. 
Two pieces of wood or plate Iron, at an obtuse angle with each other and provided with valves, are 
fixed to ft kind of vertical Iron beam oscillating about a lower horiionlal shaft. A lever attached 
to the beam applies alternately the plates upon the openinga of a cast-iron box at the end of Ihe 
suction-pipe. The plates and Uie horiiontal shaft are wholly under water ; this prevents the hent- 
ing of the parts and rendera greaaing nnneceesary. Besides this, the valves being always visible, 
may be easily cleared by the Laud when impure water is being raised. This pump is simple and 
applicable to agricaltnral uses, or it may be employed to clear away small bodies of water. It must 
be renuuked, however, that it 
sets only by suction, and cannot 
be made to foroe. at least without 
introdoaiug modifications which 
would destroy ita rustic character. 

FJ^. 4091 represents an excel- 
lent little pnmp for agricultural 
porpoeea. It ia a Champonnoia 
pttupt and its peanliarity consists 
In its being double-aotioned with 
k single pump-ehamber. 

Daiimited Pmnpi. — The name . 
onlimiled pumps has of late 
years been applied to a great 
number of apparattis tor raising 
water from a depth greater tban 
25 or 30 n., beyond which point 
suction ceases. We aball not in- 
clude under this he*d the oonunon 
Slan of putting a •notion-pnmp 
own a well at a sidBoIenl level, 
and working it by means of loda 
or other oontrivanceo. This olan 
Is constantly made use of in aeep 
wells, and when the depth is very 
great, as in the case of mines, a 
nnmber of pnmps are placed one 
above another at different levels 
and worked by a main rod. 

PnuOomau't Pvmpi.— M, Pmdiioojme, the first to adopt the name imUmited, invented a 
system in which cotaoiiis of water circulating through pipes are aubstitnted for the roda This 
apparatus is oompoaed, Fig. 40S2, of two distmot puts : one pbioed near the motor at any distance 
frnm the well, the other fixed at the bottom of the weU, at 1 or 9 mHrea at the most from the level 
of the water; these two parta are connected by two oondnit-pipes P, R Q. 

Tbe apparatus being filled with water, which may be easily done at first starting, snppnae the 
piston Oofthe upper pnmp moved fonrard. It will force the watrr down the pipe OF, dosing the 
falve 0. The pressore will be transmitted int^rally to the piston K of the lower aj^aratna; 
tbe two pistons K and L, fixed upon the same rod, wilt move in the direction contrary to that of C, 
and will foroe the water up the pipe QR, opening the valves i and q and cloring f and r. As the 
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of the total volatile ot WBter nised will so to fill the empl; mce B, whilrt the nut w 
tbiough the valve ;>, and enter the pipe S T. When the puloa C movaB in the contrary di 
the same ^feota wilt be produced the other ivay, and a 
o^linderfol will be raistd at eiiob single atrofae. *i>*^ 

Thia pump Jias been applied to teveral minei of 
great depth. We do not know of luij eiDerimeDl* 
made to aaoertaiD iia perceot^e of nork ; but it ia 
probably not lower thui tliat of oomuiou pnmpa. the 
friction of the water in tbe pipes being substituted 
for that of the long rodi. It hai, howeTer, one grave 
defect; on atnount of the sudden change of dijeo- 
tion in the motion of the vrater at each stroke of tbe 
piston, ramming shocks are produced which, in a lai^ 
pump, might cause breakaeea. To leeseu the chances 
of accident, the two condnit-pipes must be fixed very I 
rigidly, « oondition diffioult to fulfil in the case of great 

LaburtUi CbmpruMif-aH- Ptonpi, Fig. 4093.— H. 
Jiftbartbe's pump is an eztremelv simple one. The 
pomp, which is placed at any distanoe from the water | 
to be raised, oonsiats of an aii-pistoti moving in a cylin- 
der, which, by means of an iron pipe, is placed in com- 
mnuiaitioa with a box snnk in the well, and provided 




1 pipe goei from tbe bottom of the box to the point 
water. By giving tbe piston an alternating motion, 
which is adwmplitihed by tbe usual roeans, the oompresMid air in the abduetor-pipe forces the 
water up the sBoeDding pipe until the box is filled with air at the preasure of the ascending 
column. At thia moment Borne more water must be let into tbe box, and to effect this a 
oook placed upon the upper part of the abductar-pipe ia opened. Atmospheric pressure ia tbos 
restored in the box, the water of the well flows into it through tbe valve, and the same action ia 
repeated. Care must be had to provide liie bottom of the ascending pipe with a stop-valve. 
Beaides this, the eepoolty of the box should be ronsiderably greater than that of tbe aseeDdiug 
pipe, in order that it may not be oeoessajy to interrupt frequently the action of the pump for the 
purpose of restoring ntmospbeiia preaaure in tbe box. This oondition oaunot be folfllled prsoticall; 
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flzeept in the oaae of pmnpa that are reqaired to give only % tmail quantity of valei auoh aa thow 
(or boiuehotd purposes. ObTionaly the action of the pump is independent of the depth, and it ia 
aufflcient to giv« it dimeneionB proporLionata to the height to vbich the vater i» to be raised. 
This armngement ia simple, cheap, and convenient. It ia to be feared, hovevei, thai the air-pomp 
woold require great care to keep the piston air-tight, a task of some difficulty in dealing with oom- 
preaaed air. The percentage of work muat be very low. for, by opening the cock for the purpoae of 
teatoring the atmoepherto preeeure, an amount of work is instantauGoualy lost ODimapondiiig to that 
leqoisite to oompreos the air in the box to the pressure of the asoencling column. 

Some of the maohinea wbich we hare already described might be ranged nnder the heed of 
nnlimited pnmpa ; snch, for example, aa Duiozoi a propeller and Bastier'a chain-pump. 

Botary Pnmpt. — BteolvBig'pittiM Pvmpt, — Aa the change of direction in the motion of the 
watar, which tokee plaoe in eaDmon pnmpa at each stroke of the piaton, constitntea a defect that 
preventa the atbdnment of & high tats of apeed, aome engineers Iutb Inen indnoed to nibatituts 
rotary pnmpa for them, in which thia objectionable featuro is sboent. They ormsist, for the most 
part, of a oylindrical box in which rsTolve one or more pistons, which drive the wntra before 
them ; thay are provided with springs arranged so as to prevent communication between the inlet 
and the oatlot pipes. Stolz's pump, for example, is oonstracted n^ thia principle. It may be 
used for domaatic pnrpoeea, on the oandition that only clear water u raised, and that the pump ia 
well oonatmoted. The percentage of work iji nsiuilly low. 

Iieoleni's pump, instead of revolving pistons, baa two toothed wheela which gear into each other 
inude a box, and drive the water before them always in the same direction. Another system is to 
n^ ah india-rubber tnbe around the water^box, or, as it is more nsnally termed, tbepemp-well. 
This tube, which ia full of water. Is omnpresaed by ft roller revolving abont an axis. Thia ayatem, 
however, can be applied only on a very small scale. 

There are others belonging to the same order of ideas as the preceding, but they have all the 
grave defects of being complicated, expensive to repair, and of little useful effect. For theaa 
reasons rotary pnmpa have boen abandoned everywhere, except perhape in America, where they 
have been more auooessfully treated. One of the latest improvements effected in this direction 
by the inventive genius of the Americans, is Behren'a Botury Engine, Fig. 4094, made by Dart 
ud Co., of New York, which possesses some original and novel features. The mveator daima 



•hafts, C, C, paas tlirongh the box, as well aa two fixed cylindrical socket*, e, cf ; these shahs bear 
on the ontsidV a apnr-wheel of the sanM diameta, so tlwt tb^ tnm in oontran directions and 
with the Mune velocity. Upon the ahafta are fixed two pistons^ B*, bavins the Rina of portion o( 
• ring concentrie with the shaft and the face of the box A. The onter ana oonvex face of thcet 
pistons laha against the bee of the cylindcn A, and their lower and concave fooe slides npou the 
fixed ahaft-aheaths c, c*, which are grooved to prevent the water f^om passing directly from B to D 
without impeding the revelation of the pistons. If the machine is to raise water, one of the shafts 
C, C, is set in motion, and, as one drives the other, the pistons E, E', are moved in contrary direo- 
tlons. By referring to the figures which represent two different positions of the pistons, it will 
be Been that the wster entering through B will paas alternately Ihroagh the annular spaces a 
and a', and will be seized succeBsively by each piston during half a ravolution, whilst the other 
piston, as it continues to revolve, will act as a check. We have here supposed the water to enter 
tbrongh B, because the flgnre may lepreeetit tbe machine employed as a motor; but it is obvious 
that if the direction of &e motion is changed, tbe water entering at O will aacend through the 
plpaB. 

It is not onr boalneea to examine here the value of this machine u a motor, atill le« as a ateom 
motor ; but aa a pump it ta very aerviceable. It is simple, it fills only a small space, it may work 
with a high velocity, and it gives, without an air-reaervoir, a continooua jel It mnat, however, be 
made and pot together very oarelUly. It would be intorestingto know it* percentage of work, 
bnt WB have been imable to obtain information on thia point We know only that iD America It 
is empbyed in breweries and sngar-w^s, where it may be used to ralao thick and hot liquids, on 
the oandition, no doubt, that tbere be no motion of the hot liqoids. 
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CmMfugal Pumpi. — Tbe idea of emplojiiig centrifugsl force to raUe wstei is of wmdderable 
Antiquity ; but Appold w&s the fliat to ooDstroct machinea convenientlr founded upon thia 
priuciple ; and bo boientificall}' were his machioeB deTi«ed that btbu in the pmeot daj the beet 
are thoee which most neatly reeemble hia model. 

Centrifugal punipl u« really water fans, formed of atraiglit or coired blade*, turning Taoidly 
about a rerticel oi horizontal aiii, and encloeed in a box. The water, entering thtnugh the 
centre o[>the wheel, ia drifen by the bladea towarda the oiionmrerence, and thenoe forced into 
the ascending pipe. At the iame time the outward flow of the water causae a diminution of 
preeaure about the azia, and tbia brioga up the water ttom the lower reservoir. The height 
to which the water will aacend increaaes with the telooit; of rotation. A aimple calculation 
will show the relation between theae two qoaotitiea. Cslline the velocity in n&tree a second 
at the end of the blades V, the extreme radioa of theae'bUdes B, the number of reTolutiona 
n minute N, the weight of the water passing a second P, and the height of elevation H, we 
find (either by the eipreaaiou of the centrifugal force, or by that of ftie vi* viax due to the 

velocity V), neglecting tbe friction, that the work developed ia — — . Tbia work, multiplied bj 
the ooefBcient of the percentage of work, mnrt be equiJ to the work effected, aay PH, 
K^ = PH; whence H = ^KV = 0-051 KV». If it be required to introduce the uumber 

of revolntiona into the tbrmola, V = — gn~' ^^i^ii^B H = 0'0O0S6EB'N*. Experimenta have 
given, in tbe beat oentrifugal pumpa, E = 0'65 ; whence we deduce 

H = 0-034 V = 000056 B'N". 
Appold's formula is V = 550 + 550 VH', T' being the velocity at the oiroiunference In 
English feet a minute, and H' the height also in Bngllab feet, wluch givea, as the velocity in 
mitrei a eeoond, U being also expressed in metres, V = 0«"e4 + 4-98 ^/H ; the formula whioh we 
have estabiiahed above leads to T = 3-42iv^H. These two valuea of T agree aeuaibly for the 
ordinary values of H. 

It ia obvious that the velocity of these machines is neoessarily great; tbey are therefore 
especially suitable for iniaing large volumes of water to a small height. An increase of velooity 
may either raise the water to a greater height, or increase the discharge. 

The height of suction should be small, oecauae the accent of the water being due to the excess 
of atmospherio pressure above the preaaure at the centre of tbe wheel, this eicc«s must impart 
to the water a velocity sufficiently grest to aatiafy tbe discharge. If this condition is not fulfllied, 

ti.™ »*»- .i»A» n«# A..tA. it^ Sufficient quantity, the machine geta or* "' — *"- -"J "f **»-■ 

'", allow of it. i' ■" " * * 

without emptying the pump. 

To utilise satisfactorily the motive work, the water must have a low velocity in the inlet knd 
delivery pipes, and a hi^ velocity in the wheel only. The form of the blades ahoold be such that 
tlie fillets of water may enter them almost without shock, and «speoially nearly taneentially to the 
outer circumference. This oondition can be realized only by means of ourred blades ; a fact that 
was proved by experiments made in the London Exhibition of 1651, when wheels with curved 
bladea, with straight bladea inclined upon the radius, and with straight blades radiating from the 
centre, were snooesBively placed in the same machine. The percentage in each of these cases for 
a height of from 15 to 18 ft. was 0' 67, 0-42, and 0'21. 

It is also necessary that the wnter, to glassing from the very low velocity which it has at the 
centre of the wheel, to the high velocity of the dionmferenoe, should traverae gnidnally- 
diminiahing sections. In the same way the 

sections of passage must increase from the MM. 

point where the water issues finm the bladea 
io the ascent-pipe. By thus making the 
sections inversely pioportlonal to the vek^- 
eities, the eddying and whirling, which 
abscrb a portion of the work, are avdded. 
The first result may be obtained eitlier by 
varying the thickness of the blades so a« 
to give their oonoave side a different form 
from that of their convex side, or, as in the 
case of Lloyd's fao, by making the blades 
of a uniform thlokneo, and by diminishing 
their breadth from the oentre of the whed. 
The bladee ejre In this case enclcned be- 
tween two lens^h^wd oovers widening 
towards the centra. 

We will examine here some of the bert 
models. 

JInt and Amwnfa Cntrifvqal Pimpi.— 
These closelv resemble Appold's type ; the 
water brought in by the oondnit-pipe C, 
Vlga. 4095. 4096, at the height of the axia, 
wparates into two ourrenta d that lead It to 
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tho oentro of the wheel, nhieh is ^^^ 

Tonaed of two cbeeka b, between which 

are the blades cs; Mine of the«e reach 

to tha nave and are fixed to it, theii 

bi'eadth diminifibiiig from the centre 

to the oiioamrereiice. Some oiroulai 

partitions foioa the water isauiag 

from the wheel to follow an »""">" 

ooDduit K, the eeotion of whieb in- 

oreaaeB propeeaively up to the aeoent- 

Sipe D ; tbu parlly realizee the con- 
itioTiB indicated abore. The bod; la 
formed of two symmetrical pieoea 
bolted together: it ia traveised by 
the horiiootal ihaft X which pasaea 
through stuffing boxes and oarriea the 
transmission poUey O. The whole 
reita upvn a single bed-plate L The 
fuDoel J serTea to fetch the pump 
at atartioK. The orifice K' Eives an 
outlet to the air whloh may lodge itself 
in the upper portion. To provent the 

ait from gutting through the stnfflsg bos, the latter Is pot in oonunnnlealion with the deliTery 
column by means of a pipe oanstMilIy filled with water : and, in esse the air should gtt 
into the centra through the sootion-pipe, in order to fetch the ptunp again without stopping 
it. two liolea are provided which pat the centre of the wheel in oamianuicatioii with the interior 
•yf the chamber into which the water is forced; thia forces the air to escape. 

During some experimenta made to ascertain the percentage of work, one of these pmnpa, 
uavmg a diameter of wheel of O^'SOO, with soctioQ and foroing orifices 0~'250 in diameter, 
raised 138 litres a second to a total height of C'^'SO; the moeity being GOO reTidntiooa a 
minute, the mean percentage of work waa 57. 

Cmirifitgal Ptimpa of Meairt. fftoynnc and Co., 0/ Londm. — These oomplete and power^l pampa 
were originally oonstmoted with atralght blades, radiating from the centre and proTidi-d with 
a oiroulatioo-pipe; bat the peMentaKe of work was very low, only 19. Later, profiting by the 
leaaona taught by tho Exhibition of ISSl, they modified them in the direction of Appold's plan, 
by curving tha ttid of the blades so aa to bring tbrn almost tangentially to the cinnunferenoe of 
'Mediae. Thia ia shown In Figs. 4097 to 4100, which represent a pnmp of 0°>'460 ir ■"' — '- 



n diameter. 



thick, cnrred and bevelled on tne outer oiroomferenoe so oa to be (mly I millimetre thick at the 




HTDRAUUO MACHINES, VAEIETIES OP. 




Stction through A B. 

« Dd. Thef are tiao a little rotmded where tlie water enten, but they Tem^n nonnal to the nave ; 
t hU leasani the mefiil ettrat in oniueqneDce of the fhooka of the water. The bre»dtb of the blade* 
. and their eoTelope. at Bret nniform. deareaaeB afterwards up to the end. k> aa to produce a aectioQ 
TUfiDg in an inverse direotioo to the velocity of the water at difiTerent distances from the centre. 

On issaing from tho wheel, the water first passes through an annular s] '■'"'■ *"''" " *" "••> 

delivery- pipe. A diaphraifm U prevents a partial return of the water in 
an orifice fumiahea an ootk-t to the air which lends to collect at G. 

Thispampwaaaiibjeotedtoexperiaientsat the Conservatoiredes Arts etH^tfen at Paris, ftir the 
purpose ot aaoertaining ita percentage of work. The diameter was 0" ■ 460. The height of aepira- 
ban was 0- ■ 90, and the forcing heigbt 9" ■ SO. The number ot revolutiom varied ftom 630 to 700 
a minute. The maiimum oseful effect was 0'52, correspond iug to 670 revoltitiana, and to 7 litres 
of water raised hy each revnlatioa. The mini mnm wasO'S2, corresponding to 640 rarolntions >nd 
n may be fixed at 45. 



4 '75 litres a lerolnl 



■Thep 
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itoctioD Uirengh C D. 

Calgnard and Co.'t Ctnlri/uijtd Fitmpt, Figs. 4101, 4102. — In these patnpa. Coignud ftnd Co., of 
Parii, hare ntbstitqted for the bUdea in Appold's machine^ two revolTing pieo« A, wtiich they 
call screws, placed »yinmetrioalIy upon the spindle D. The water, broaght through the pipe L O 
to tba centre of the nbeel I, passes through the orifices F into the scirewg, which impart to it att 
increHBtog Telocity up to the ciroumferenoe at G ; thence it flows through the conduits M iuto the 
cottimon aaceoding pipe N. The small orifices -j aflord an escnpe for the ait which mny collect at 
tbe top of the pump. The form of the screws is such that (he section of passage decreases from the 
centre to the circumference, and increases from tbe Isanee H np to the delivery-pipe, so ns to tbtj 
interaelf with (he velocity. This oonditioh is favourable to tbe worh of the pump, as we have seen 
above, but tbe sharp angles, as G, s, H, must cause a slight lesistanoe. The oonstruotion of these 
pumps is certainly good ; the axis passes through twc stufflng-box glands P, the pressure of which 
may be regulated at pleasure, Tbe whole tests upon one bed-plate. 



CentrifrtKal pnmpa are Tery Berrioeable when the height of ascension is not ereat Tbev poasess 
be Bdnnts^ of heme adaptable to a varying discharge, and even a varying height, a change ol 
elocity being all that Is necessary to render them adeqnate to tbe case iu questiou. They are easily 
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I iD»niinate motoi. 
ohier darect is their great Telocity, 
which csnoot be increased above a oer- 
taJD limit wtthoat injury to the itufBng 
of the axis. Atteinuta have been mails 
to overcome this dimoulty, in caue of a 
great height, by placing asTetal oentri- 
fugnl wheels apoa the eame apindle, the 
water forced ap by the Brtt entering into 
the axis of the eeoniid, which takes it 
□p to the third, and so on. The oonse- 
quonoe of this is, that the increase of 
pressure produced in each wheel is 
added to the others, and that the final 
pressnre for a given velocity increases 
with the number of discs. This in- 
genious idea was flnt applied by John 
Uwynne : he auooeeded in this way in 
increasing the height of elevation with- 
out increasing the velooity of rotation, 
but at the eost of ntetul effect There 
was a loBs of work in paadug from one 
wheel to the other, on aesaunt of the 
■ndden changes in the «ectious of piw- 
Mge, and in the direotioo of the plan of 
" e water. H. Girard has improved 



the 




of thU machine, and named it the " Lifting turbine," drawings of which 



in Figs. 410!^ IIH. It comdsts of a nomber of aimilai wheels, placed one above aaothe« 
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Died npm ft Tettic&l spindle, the whole being eaoloaed ii 

between tbe wbeela. The water enterinR tbrongh A li nuked up V 

wheel, and driven elong C D ap to the oentre, 

E, of the teoond, whioh in ita tnm drivea it 

ftlong- B' D*, and ao on np (o tha deliTerj- 

pipe E. The ourra of the blade* and of the 

envelope, ot cuing, are Mretnll; (todied, with 

a view of making tha netiaDi of pawage vair 

pri^reniTBlj, aoocadiDg to tbe yekwit; wbi(£ 

(he water ia to bare In them, and w to leaeen 

the effect of the andden ohftnge* of direotioa 

and of Telocitj. Each wheel eontaina 36 

ourred directricee, B, eoireapondlnx to which 

are 12 **ii*Tmifcl«^ 0. Aa detalla of oonatrao- 

tioa, we may remuk that ttie arrangement of 

the pivot and oollnre of the •piodle ia nioh 

that tijey ma^ be regulated at pleamre : that 

the tube placmK the deliTerj-plpe in commn- 

Diention with the auolion-pipe u intended to 

rvent the pump from getting out of water 
conaeqnenoe of tha entrance of air, and 
that the roae T at the end of tbe motion-pipe 
ia for the pnrpOBB of keeping ont eoUd matten^ 
wbioh might canae a braakage. 

Ezpenmenta were made with thia machine 
•t the Conaervatoire des Arte et M^tiera, 
at Faria, the helglit of auolion being, in 
tbia caae, 1' ' 74, and the hejgbt of delivery 
varying from 4 to 10 m^tre*. The following 
are the me*ns of the reanlta obtained from a 
model oonstmeted with the latest impiove- 
menla In detail* : — 

' ]SOO MO «M 



Height of dellverj i 1-20 7 

™'S^nto '"'" !*^. } 28M to 4000 lltwfc 
Penentage of work .. 30 to 40. 

Theae flgorea ahow that, for a determinate 
height of deliverr, the velocity ia ooniidBrably 
leaa than that of ■ centrifugal pump with 
one diao ; bnt thia ftdvantage ia obtained by 
% ton in the percentage of work, and it nn*l 
be added that the maebine la heavier, and 
eoutequenUj man oortly and leas oonvenient fecuon tutough u-. ilxui. 

The India pa^tt, dealgDed and mannraotared by Herryweather and Sona, Loudon. Thaae 
pump* are tetmed India pumpi becanae they are mnob employed in India. 

Fig. 4105 la a dde elevation of thia pnmi:^ with the pnmp-barrel, valvee, and anotloD-breech 
In aectioua. Fig*. 4106, 4107 A ia a atont eaat-innt fly-wheel, whioh ia the only piece of caat iron 
•bout the whole machine ; B la tha coppa delivery alr-ve«se1, which aleadiei the atream of water 
when pumping through a hoee, if naed aa a Sr»«Dgine, or when n«ed aa a pumpins engine prevent* 
concuiaion in the diaoharglng maiu ; ia a copper anotioo aii-ve**Bl placed hi the aoctioti-bneeb 
of pump; D, pump-banel, of whioh there ate two; G i* tbe valve^ebamber at lowar end of pump : 
F u the door of the valve-chamber, with a atop-pleoe to K^nlata the lift <rf valve in amUoB ; O la 
a copper pump-rod, oonneoted at lower end to the apindle-bnoket, and at upper end to tha kite; 
H ia the paaMge horn breeoh.chamber to •notion air-ve**el ; 1 I* the m^ion-breecb of pump f 
J ia the anctioa apindla-valve oomplele, with it* valve-aeating arranged k> that the whole can be 
taken out of the pump in one piece if reqaired ; E la tbe bnciet fitted with apindle-valve and 
leather cnp, L ; It ia the orank of motion, working on gun-metal beariDg*^ M>d mounted on 
wiODgbt-iron oro**-baaren bolted to baming; U, the deuvery-pieca of pnmp, to which either 
flanged pipea may be attached for filling tanka or a aorew aonneoting-pieoe to rewive boaa ; N, the 
wroDght-iron kito motion to which oouneot the gnlde-roda at top and the ptunp-rod at bottcm; 
O la the gnn-metal oover of pump, fitted with atnfflng gland ana nnt ; P F, the wrought angle- 
Iron bamea oany^ the whole of tha maohinerv. 

A«.«iuBiM. — l^oogh fire-enginea are a kind <^ foitung pomp, yet they differ from thia latter in 
the oouditfona whioh they have to fnl&L In tbe onnmon tbroing pump, we give to tbe water the leaal 
velocity poaaible, in order to utiliia to the fullest extent the motive power employed ■■ bat in tbe eaaa 
of a fl^«ngina, on the contrary, velocity ia Uie ohlef objeot in view. The water baa to ba tbr 
' * ^ieight,andinnioha way thatthejetmay overoune the 

to aptay loo Boon. The velocity of iasue, for given d 

1 tbe diameter of the oriflea of the apont-pipe, and thi 

the volnmeof water to ba thrown, aiM to the diatano* <_ „ .... . 

e made in London fer the parpoa* of Mentaining tha inflnenoe m the die of tha jet 
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opon its effloienoy. These experiments, made with some English punps and a Letestn pump, led 
to the oonolusion that a large diameter at the end of the spont-pipe is fayonrable to the enect which 
it is required to produce, namely, to throw the water to a great horizontal and vertical distance 
without losing any of it. Thus the English pumps, with an orifice of 20 or 22 millimetres in 
diameter, were effective at a distance one and a half times greater than that of the French pump 
with an orifice of 14 millimetres, and the ratio of the quantity of water utilized to the quantity 
thrown from the spout-pipe was greatly superior for the former. We have no figures relative to 
the work of a fire-engine ; but the matter is not one of great importance. Probably SO per cent, 
would not be far wrong for the best-made engines. 

Steam fire-engines were first used in America. A capital point in this kind of engine is the 
necessity of having a boiler capable of producing a su£Scient quantity of steam in the least possible 
time, and to this point makers have chiefly directed their attention. 

Zee and LamecTs Steam Fire-engine, — Lee and Lamed, of New York, were the first to con- 
struct an engine of this kind. It is provided with a vertical boiler similar to Field's system, that 
is, furnished with vertical water-tuoes closed at the bottom and in communication at the top 
with the principal body. These tubes are placed in the fire-box, which is itself surrounded by 
sheets of water; concentric with tiie first are other tubes, open at both ends, which keep up, in 
consequence of the decr^used density of the heated water charged with steam, a very active 
circulation, and consequently a rapid vaporization. The pump is rotary, and is driven by a steam- 
piston having a reciprocating motion ana a short stroke. Two fly-wheels served to carry the pump 
over the dead-points : the whole machine Alls only a small space, and it works at a high rate of 
speed. The engine, with its frame, is carried upon four wheels ; the boiler rests directly upon the 
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bank axla throogh tbs nie- 
dinin 6t a Bpiing ; tba re- 
nuinder of the enfine mta 
upon the fore axle by meuia 
M two ipiings. 

MaxtlMt SUam Firt-^n- 

ffHu. — To the Hewra. Ma,ie- 
ano, of Havre, is due a modl- 
floktloii of Lee and lAmed'a 
qr«tem. In the place of 
toUaj tmmp, they h»Te nib- 
■titatedtwonoriioDtalwater- 
nlindsra, with plnngeta 
driTen directly by two pi»- 
loni. The cominoD ftroks 
ii 0''-220, the diameter of 
the plnngen 0''-IS2, and 
that of the pistoDB 0*'-23& 
Ths valrea are worked 
directly by rodi, without the 
medimnofeooentiias. There 
i» DO fly-wheel, nor any re- 
volving parte. Tlie boiler Ii 
vertical, and hat a heating 
rarlaoe of 22 iqnare mitrea. 
- "■ ■ ,f 

■ - --D- i- 

Henyweatber'a leeaer en- 
giuee oompriae a horiioDtal 
aonble-aotion pump worked 
directly by the iteam pleton- 
wd T, Kg. 4110. The 
■lide-valva is worked by 
the piston-rod, and there la 
no fly-wheel The boiler, 
which la plaoed behind, 
it one of Fleld'a iTBtem, 
Fig. 857, like thoae of the 
Amertoan Migine*. The 
whole tetta upon a atrong 
IiDQ frama anpported upon 
wheela by mMme of apriugi. 
8«ata for the fliemen are 
placed in front, and a reeer- 
wir of air completes the 
engine. See EiraiNm, Va- 
atrnaa or, p. 1429, Pigs. 
2728 to 2782. 

The ItxgB englnea of 
Hortywcather are tne nme 
In dedgn, bat double. They 
eoDtain two horiiontM 
direct -aotioQ water -oylin- 
dora BB, Fig. 4109, and 
the nma nnmba of ateam- 

3 linden. The dirtribution 
the ateao la elleeted aa la 
the email engines, by means 
of the roda; there i« no fly- 
wheel. The boiler, aa in 
the fcnner oaae, ie one of 
Field'^ and may be fed 
either by a Oiilard injector 
OT by a noall pump, wMeh 
ia ra^erable. 

The pointa to be icmaAed 
Id tbeae enginea are the good 
emstmotion of the boiler, 
wUoh la capable of getting 
op ateam in a few Dtinntea 
while on the way to the Are, 
the anapension oombined ao 
aa la canee bot little owdlle< 
tion, the W (troke of the 
piatoDa and the large Tolmue 
of water thrown at a aboke, 
which allow of a redoaUon 
tn the velocity. 

At the Paria ExMbiti<si 
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ioD-idpe 2'*'90 loDg, the deliTerf 
« tbelieigbt of the Mi bjr. Tha 
In lOJ iniiiatea, HenTweAUur'a 



of 1897, ezpeiimentB wwe made with tha eugiuea deaorlbed ftbove, uid ona^of Shand and MBioii'a 
etiginea. The mtar wai taken from tha ^ne thmngh a matioD-idpe 
being; 100 metree. The lighthoiue aerved aa an object to meamre tbe Di _ t - 

faoilwa having been filled with oold water, tbe firea wete lighted. In lOJ niinatea, Henrweather'a 
boiler leached a [M«aaare <rf aeran atmoapheraa. The engine wa« then ttafted, and tho pTBaanra 
having innTowed, nutiDtained itaelf for an hou between eight and Dine atmoqihetea. Bband and 
Uaion'a enfpne was 13 minutea in getting up steam, and the jet was iireonUr, eapeeially at 
a of Uaseline'a larga enginea was then tried agtlnat a Sliand and Suaon; the 

" ' ' ■' ' ■■ "adbadly. On the foUowi " ' " 

9 da;, and in a ven aatl 
„ e jet of 45 miUimibea oi 

jeta of 25 mUlimfetree. We bave carefull; examined most of tbe hydiaDUo maeliinea, tetme 
fire-enginei, emplojred In Eompe and America to extinguish flFse : each of thoae maehlnea poMFMea 
one, two, or more peonliar poiote of exoellence, but the engines tliat aatlsT; the leqnired oooditlona 
Dtoat effeotoall; are thoee oT Meiryweatber and Bona, of Xxiudon. Theee enginea can remain 
looRW n^leoled and out of oae, withonl impairing their action, than an; other flre-engine which 
we naTe examined ; thia eaeential propert; ia oneu overlooked when the relative merits of theee 
hydranlio maohinea are being compared. 

Figa. 4109, 4110, are •eenona <tf one of HerrTweather'a improved donble^o^linder steam fire- 
engine pnmpa, Trilh dnnrn iilnnoil nt miln.nn Hint lliii mhm anil lliiih imtingnran be drawn ont in 




a few minntea In their entiret;. Tbe valvea and iiiitiii jaMflwi ai ... 

aa tha pnmp ia entirely empty when the pump ii ri rest, there ii no iter of ita being affeotad bj 

the froaL Another point of advantage in thia claaa of pnmp ia that the baRels will work 1x)th fold 
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id being ODobatrnotad 




and gritty water irithont iniory ; thianghoiit the ptuwRges 

by gmtingB will pMs muddy mler, ' "- — " "" 

The pistons of ttuB 
olasa of pnmp ue 
self - InbricatiTS, and 
Mldom want attention ; 
thia is a featnia that 
has never before been 
obtained in donble- 
koting pnmpt. 

A, Fig. iI09,iiithe 
deiiTery m pomp: B B, 
pnmp-barreu ; G, the 
auction-inlet of pump ; 
D D, the SDOtimi- 
tbItw; E E, the de- 
livery - valves. The 
body of the pump ia of 
one entire editing, and 
of gun-metal. 

In Fig. il08, V 
Bhows the position of the 
valve, of which Figa. 
4 109. 41 l{),are sections: 
A, Fig. 4108, is the air- 
vessel. The piston T, Fig. 4110, 

moving in the direction of the arrow, m 

half itaetrokabeingmade: tbevalvea 
U, Q, are open, and R and 8 oloaed. 
The valves CJ, U, are closed and B, S. 
opened when the piston T inahee its 
letum Btioke, but the delivery, 
through P N, ia oontinuous and in the 
directionofthearrowN. O, Fig. 4110, 
is the passage-pipe to the air-vessel A, 
Fig. 4108. The valve-cover and the 
sapports L, U, ore cast in one piece. 
In our artiote, Ehoinbs, Vabiedkb of, 
p. 1430, we referred to Mercy weather's P 
valves. Figs. 4111, 4112. 

Fig. 4III. A A are the openings 
from the valves to pump-barrel; B B 
ftre the screws for holding the valves, 
and adjustii^ the same : D D are the 
disc lip Eoetioa -valves of Field ,' P is 
the discharge or outlet passage from 
pump ; 6 the faoe of oovei for side sno- 
tioa; T, ■aatioD-poBBage ; TT, sne- 
ti'in-paasage leading direct to valves ; 
W, bracket for fisiog pump ; Z, snc- 

Fig. 1112. a,a, the India-mbber 
disc lip-valve of Field ; b, c, gun-metal guide tot valve ; t), snotion-valTea ; F, flange or teg tat 
filing pump to frame : 6, water-passage ; g, bracket for fixing pomp to frame : H, A, enotion ami 
delivery covers: H, the screw tbr holding valve, and adjusting the same; N, angle-iron bsmes, to 
whieh pamp is ixilted : F, suotioa-pusage ; Q,aeIIveryaIr-veeBel flange; Bis some as U; X,body 
of the castiog of pnmp; T, delivery-passage. 

Cmtrifugal Pumps, Figs. 4113 to 41ZI, of John and H. A. Owyme, of IJammermuth. — Thege 
oentrifagal pnmps are very durable and met^aoically complete ; they are hard to be disarranged, 
bat easily repairad. 

We take the following description Atmi the ipeoificatiot), 30 July, 1S68, of John Owynne and 
Henry Anderson Q Wynne, of Hammersmith ; — 

The improvements in the oonstmction of oentrifagal pnmps, Figs. 4113 to 4121, consist in the 
making of the impeller withont the nsual discs or side plates. This impeller J. and H. A. Owynne 

Sirefer to moke of east steel, thns forming a mnob lighter and equally strong motor. This form of 
npeller is especially adapted to the form and oonstnNtion of oentrlfogal pnmps ordinarily made 
by this ft— 

venlorapi 

f-AhanAfl fimrivA in the one and cnmvmnnHinir nrniection nnrm the othei »„^^^ ...„ ....^ 

_ a Uie following 

manner : — The wheel with the square or angle-shaped groove is divided into discs, and when in 
working order these discs ore separated from one another a short distance, and held in that position 
by traits nnd nuts, or a traversing central nut. When from any cause it is required to vnry the 
amount of friction between the wheels, the bolts holding these discs are tightened or slackened 
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aooordingly ; or, in other words, the lateral distance between these discs is varied . If preferred, 
the wheel having the projection may be similarly varied, or each wheel may have grooves and 
projections npon their taces alternately. There may be several such discs or (grooved and beaded 
wheels mounted on the same shaft or shaft at any convenient distance apart These wheels may* 
be used for driving other descriptions of machinery, and employed for the purpose of transmitting 
motion. 

For the purpose of condensing the exhaust steam of the engine working the pump, the inventors 
make the suction or delivery pipe of the pump, for a certain portion of its length, of thin metal, and 
enclose tlus length within a casmg of neater dismeter than the pipe, so that an annular snaoe or 
chamber is formed by closing it at eacn end. This annular space or chamber forms a condenser 
for the exhaust steam from the cylinder of the engine, which, upon being caused to pass into it, is 
immediately condensed by contact with the cold metallic surface ; — ^maintained cold by the circulation 
of the water passing through the internal pipe. An air-pump is fitted to this annular condenser 
in the usual manner, or this water may be removed from the condenser 6y havine a vertical pipe 
leading downwards of sufficient length, a steam trap being placed at the Jbottom of it, or by a pipe 
leading into the suction-pipe of pump, a vacuum being formed by the velocity of the water. If 
preferred, the condensing chamber may be enlarged and the inside pipe perforated so as to condense 
the steam more rapidly, a combination of the water-jet and surface condensation being effected 
within the same vessel ; or the exhaust steam may be blown directly into the discharge or suction 
pipe of the pump. The pipe of the centrifugal pump, where used as a condenser, may be corru- 
gated or fluted to expoee a faiger surface or area, or the suction-pipe may be enlarged and two or 
more pipes introduced therein. This condenser or a second condenser upon another portion of the 
suction or delivery pipe of the centrifugal pump may be used for the purpose ik condensing 
the steam of any other engine convenientiy near, instead of, or in addition to, the driving engiae 
employed for working the pump. This form and arrangement of surface condenser is also appli- 
cable to the pipes of any other pumps and to other hvdramic machinery, through which or by means 
of which a considerable current of water is produced or set in motion. 

Fig. 4118 is a side elevation, and Fig. 4114 a front sectional elevation, of the disc or impeller A^ 
which in this case has six arms B«, but any other number of arms may be employed ; theee anna 
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are cast in one )>ieoe with the boss. A centre plate O springs from the boss, gradually deoreasing 
in thickness until at the termination of the radial portion of the arms, the plate finishes with a 
knife-edge, or as thin as practicable, the object of this plate being to sejpaiate the currents of 
water upon each side of tne disc without producing an edd^ or refiux. Tne arms are radial for 
about two-thirds of their length, curving off towards the periphery in an opposite direction to the 
line of rotation. Two rings D, one at each side of the arms, form the bearing surftMe, and we 
prefer te make the entire impeller or disc of one casting. Figs. 4115, 4116, are side and front 
sectional elevations respectively of the pump casing EL with the impeller or disc A fitted in position ; 
F F are the suctionopassages which branch off from tne suction-pipe O at the point g. To prevent 
any obstruction to the water this bottom part of the casing £ is thinned on to a knife-edge, as 
shown at g, and a space is left between the passage and the case to carry the snotion-pipes F F over 
the enlargement of the discharge-passage in a straight line to the openings in the centre of the 
disc A, at which point they curve into the top of these openings. The discharge-passage is sprung 
from the periphery of the disc in the form of a helix or volute, oommenoing at the top of the case «, 
and gradually increasing at e\ e", until at e"* it reaches the ftdl size of Uie discharge-pipe. That 
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de of the msw ah , 

« to pennit tfaie impellai tn reftdn^ 




SI iboim in Fi^. 411G; 
the beAring nnga D 
Iwing lOonntely fitted 
lo the turned recsasei 
in the euiiig. By thti 
iuMTia the OBDal dde 
pUtes OQ the diKB of 
oentrif<^»l pnmpe are 
not required, the peon- 
liar fonn of the pump 
eaainff, at hereinbefore 
described, uting in 
the place of BDoh r 

flateo, oonaeqnetitly '. 
he friction of the 
dite A ia TBry miMh 
lednoed, w the di«o ia 
•eonnitaljr fitted on ita 
■piodle, and the beMv 
ing nuftuw for the 
linga D, M well as the 
ndes of the caee, are 
carefDlIy tamed ao 
that the arma fit, but 
without actual con- 
tact. 

Figs. 4117, 4118, 
iUoatiste the eeoond 
part of thia inTention. 
namely, an iraprored 



driTtng oentrifngal pampa or other d 

-'■--' —,d pinion, fftled aoooidiDK to 

a A formed upon the pertplierT fltting; into a 



y 



V 



V 



pinion r, whioh ia aocnntelv bored to fl 
Ibnned npon the other half, l, of the pii 



pinion to gire greater ateadineaa. Tliia pinion ia ouriad on 
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the shaft by means of one or 
more feathers, so that it is free 
to slide lengthwise npon the 
shaft. In order to adjnst the 
friction between the wheel H 
and pinion 1 1^ to any desired 
extent, a screw is ont upon the 
boss of the pinion, npon which a 
nut K is fitted, the inside of 
which bears against the half P 
of the pinion, and consequently 
increases the pressure of the 
angular sideB of the grooTe 
against the similar sides of the 
projection A npon the wheel H 
to any desired extent. The nut 
K is formed with a ratchet upon 
the outer edge, as shown in I*ig. 
4118, into which a pawl L 
works, and prevents the nut from 
slackening. This ratchet may 
be divided into any number of 
teeth, so that the nut may be 
held in any desired portion of a 
revolution, thereby obtaining 
great fineness of adjustment. 
The nut K is provided with 
holes k for the purpose of tight- 
ening or slackening it as may be 



4119, 




m 



fl 



The third part of this inven- 




tion is illustrated by Figs. 4119 
to 4121, and consists of a novel 
arrangement of condensing ap- 
paratus fbr the purpose of con- 
densing steam and adding to the 
power of the engine hj toinging 
to the aid of the moving pisUm 
the vacuum produced bv the con- 
densation aforesaid; this is ef- 
fected by utilising the cold water 
passing through the suction or 
delivery pipe of a oold-water 
pump. In Figs. 4119, 4120, two 



«^ 
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methodB of ftooompliahixig the foregoing objeota are illustrated. One of theae methods consists 
in forming the snotion-pipe of thin copper or other rapid heat-conducting metal or material for a 
portion of its length at M, immediately outside which another pipe or casing N is placed so much 
larger than the inner one M as to leave a steam space between them. The pipes are connected 
together so as to form a steam-tight chamber. The exhaust-steam pipe m from the steam-engine or 
from any vessel from which the steam to be condensed has to be discharged communicates with 
this chamber, which is kept constantly cold by the rapid circulation of the water passing through 
the suction-pipe M, and the steam is thereby condensed. An air-pump communicates with the 
chamber in this instance by means of the pip^n, as shown in section in Fig. 4120, for the purpose 
of working the condenser in the usual way. w hen the casing is placed snflScientljr above the water 
level to enable the condensed water in the casing to overcome tne force of gravity, or, say, more 
than 27 ft. of fall or height of column, the air-pump may be dispensed with, as the water will 
run away by its own gravity. 

Another mode of applying this invention is shown at O, Figs. 4119, 4120. In this case the 
condenser is fitted to the delivery-pipe of the pump instead of to the suction-pipe as before, and 
illustrates a method of obtaining an increase of the condensing surface in a convenient way, 
and thereby shortening the length of pipe required for this purpose. The delivery-pipe O has two 
casings or pipes P Q fitted around it m a similar manner to that just described with respect to 
each other. To the inner chamber P the exhaust steam pipe p communicates, while the water in 
tlie delivery-pipe O is permitted to circulate freely in the outor chamber Q through the openings 9. 
By this means Doth the inside and outside of the exhaust-chamber P is cooled by the water raised 
by the pump and discharged therefrom, and consequently the condenser ma^ be made much 
shorter. The air-pump is in this case worked similarly to that above descnbed, through the 
pump fi^ This double casing may be applied to the suction-pipe of a pump, and similarly the 
single casing may be applied to the delivery-pipe of a pump should it be preferred or found more 
convenient. 

ffydrauliG Lift of Alfred Davis, Bun Foundry, Leoda,— The annexed illustrations. Figs. 4122 to 
4180, show a very simple and efiective form of hydraulic lift, designed and constructed by Alfred 
Davis, of the firm of Hathom, Davis, and OampbelL This hydraulic lift has been working for 
some time, and continues to work, in a most satisfactory manner. 

The cylinder is fixed horizontally, and the stroke multiplied by means of pulleys, which at one 
end revolve in a bracket cast upon cylinder cover, and at tne other work in a cast-iron cross-head, 
keyed to the piston-rod, and guided upon either side. 

A chain is led round the pulleys running longitudinally over and under the cylinder, and after 
passing over the wheel A at the top of shsat, descends to the cage. The supply is drawn from a 
tank, and is admitted to the cylinder by means of a slide-valve worked witn an ordinary lever, 
whicn serves the purpose of lifting, lowerme, and regulating the speed of the case. 

This lift is single-acting, water being admitted on one side of the piston only; the weight of 
the cage beinp^ made suflScient to accomplish the down stroke. The water, having done duty in 
the cylinder, is allowed either to flow into the drain or run into a low-level tank to be used for 
other purposes. 

The entire apparatus, with the exception of the cage and its immediate appendages, is enclosed 
and fixed in a troich below the ground level, and completely boarded over, so that space available 
for other purposes may not be lost ; at the same time, care has been taken that every part shall be 
easy of access should the parte require inspection. 

B, U, Q, F, R, A, Fig. 4122, is a sectional elevation. Q, piston; B, cage, of Davis' hydraulic 
lift. 

I, J, K, L, M, Fig. 4123, is a plan. I, cross-head guide ; J, pulleys; K, piston-rod ; L, chain 
lug ; M, cylinder. 

Fig. 4124 is a section at G G of Fig. 4123. 

H, Fig. 4125, is a section at ££ of Fig. 4127. H, low-level tank or draisv 

Qy H, L Fig. 4126, is a section at D D of Fig. 4127. O, supply tank ; H, low-level tank or 
drain ; I, slide-valve. 

O, S, Fig. 4127, is a plan. G, supply tank; S, drain or low-level tank. 

Fig. 4128 is of the piston-rod guiae. 

Fig. 4129 is of the valve-lever. 

Fig. 4180 is of the shackle. 

Armstrongs method of trongmitHng power by water pressure. Taken from the Proceedings Inst. 
M. R, 1868. — ^The most distinctive feature in this mode of transmitting power is the apparatus 
termed the acc*tmulator, shown in Fig. 4181, which is so named beloause it accumulates the 
power exerted by the engine in charging it It consiste of a large cast-iron cylinder A, fitted 
with a plunger B, from which a loaded weight^sase GG is suspended, to give pressure to the 
water pumneid in by the engine. The accumulator is in fact a reservoir giving pressure by 
load instead of by elevation ; and ito purpose is to equalisse the strain upon the engine in cases 
where the quantity of power to be supplied is subject to great and sudden variations. The 
load upon the plunger of the accumulator is generally such as to produce a pressure equal to that 
of a column of water 1500 ft. high, and the capacity of the cylinder is sufficient to oontein the 
largest quantity of water which can be drawn from it at once by the simultaneous action of all 
the machines in connection with it. The accumulator also serves as a regulator to the engine, for 
when the plunger rises to a certein height it begins to dose a throttle-valve in the steam-pipe, so 
as gradually to lessen the speed of the engine until the descent of the loaded plunger agam calls 
for an increased production of power. From the accumulator the water is conveyed by a pipe to 
the various places where motive power is required ; and in some cases where water is scarce it is 
returned by another pipe from the machines to the pumping engine to be again forced into the 
accumulator. The water thus acte merely as a carrier of power, and ite function is consequently 
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oa thftt of ahftfting lued fbr oonvering the powra of ■ tteua-angiDs to different pute of 



The qaegtion theretbro to he oonsldeted 1b, in what 
iMpeol oi aodec what oircnniEtaiicea w»ter preanue is 
■npflrior to BhaCting for the tranmiiwioD of powei. It 
is not to be mppoeed th»t w&tei preBBnre woald be 
applirablB u a Bubstitate foi BbaAing in milLa and work- 
ahopa where the moohinea to be driven are oompactly 
KTonped at short dEitanoes from the engiine, and where 
uey are geneiaU; eontlnaonB In their aotion. The 
aaperioiity of water proBanre is only refilled in thoae 
initanoea wbeie the maohinea to be pnt in motion are 
acattered over a wide arm and are intemittent in 
their action, and alao where the quantity of power to 

*— '- -"-J ! !--■ — ' ■ ■ — ^.abrupt variationa. 

1, every crane may 
t, while at anotlieT 



engine wonld aometimes be orertoied and aometiniea 
acting withont any rneful effeoL But with water piee- 
anre aa the medimn of tranamiaalcin, the variation of 
work ia met by the aoonmnlator ; and the engine aota 
always under a uniform load, storing np its anrpin* 

Swer at timea when the whole ia not transmitted, 
ireover, the ramifioationa readily carried ont in laying 
water-pipea are not practioable with ahafting, nor oan 
ahsfting be extended beyond very iimtt«w< distuices. 

Water preaanre alao poMeaaea the advantage of oom- 
mnnicating to machinery a much more oontnulable and 
adjnatable motion Uum ahaiting. The water can be 
graduallj turned on or ahnt ofl!^ and oan be admitted aa 
quickly m' aa alowly aa may bs denred ; while with a 
abaft tlie motion acquired la sudden and oannot be «— 



at reat, and doea not anflBr any appradable wear nor 

1 y attention; wheraaa^ -t-«.i-i — i ^■— 

d with friotton and o 
nlvea oonatant lubrication. 

The abeenoe of elaatioity in water givea great aieadl- 
ueaa and preoiiion to the movementa of maohinea aotu- 
ated by water preaanre ; but on the othat liand, water 
I>eing Incapable of enianding like ateam in a inlinder, 
the quantity expended ia not proportionate to the loeid. 
Thua a machine propelled by hydraulic preaanre meaanrei 
off the aame quantity of water, whatever may be the re- 
alatance oveioome ; and therefore when the maohine . 



ia inadequately loaded the expenditure ia man than 
equivalent to the effect produced. This loaa oFpon 
by making the maohinea with variable powers ; but 



iwer may In a great m«*mire be obviated 
maoidne* 



powers; but the slmplioity (^ aingle-power nu 

renders them preferable in many caaea, notwithatanding thrtr greater expenditure of , 

In faot, for the purposes to whioh water [ireaauro is meet UBoally applied aafety, lim^ii^, 
and generul oonvenianoe are mora to be oonaldered than economy of power, becauae owing to the 



givea aa much BteadineaB and safety to ita action, yet the favoontble condition under whioh a it 

cugine worka when pumping against a aonatant head, aa in oha^ng an aoenunolator, oheapena the 
prodoction of tho power, and oompeoaalei for Its moto laviafa appliiMtian. 

In oonneotion with the non-elastio cbaruter of water, it will be obaerred that its Inoom- 
preaaibility in the <7linder of (he maohinea wonld, if not provided against, (suae very injurious 
■hooka and stiains to the maohlnBry, by snddenly airestlng the momentum of the moving parts on 
the cloaing of the outlet paaaagea. To obviate this liability, nearly aU varieties of water-preaaure 
maohinea adapted fbc rapid action require the introduction of what are termed relief valvea. 
Tbeae wlD be fallv dtacribed in our article on Valtb ; and it is therefore only neoeMery on thla 
ocoBNion to deMTlM them aa ooniisting of small clacks DD, aa ahown in ^g. 4132. opening 
againat the presnre P in the rapply-plpea, and yieldi^ to any back pressure on the piBton that 
exceeds the aocumnlator pnasore. In the drawing FP repreaonta the prMSore, and E B the 



fore be oonveyed without any aeriona saot-iflae to great distanoea fhnn the engine. In some Instanoea 
the length of the pteasnte Dipes has been extended to more tban two milea without any apparent 
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premue of if»ter Cot praetic*! naa Menu to be tluit mentioned abore, Dunslj, 16W H. or thant 
7D01ba.aH]mraiDoh. BjinonaainK thepre«mre thenMottheplpeanndof ell partaoTthei^pk- 
nttu U l^Bened ; but on ezaeedingtEe ebote limit ft diffietJt; ^^^ 

b^iu to b« felt in prevaoting leakage and beping thft 
T^ves and paoldoes in older ; and thia objeotion mote than 
ttMmterbalanoea tEe advantage of ndnoing the life of the 

Compreeaed air haa often been proposed, and Id Mnne 
Initanoea tried, u ft medimn for the tranuniaaiaD of power. 
Being elaatia it haa an advantage over water in aooommodft- 
tlng its Tolnme and oonsequentlr its expenditure to the loftd 
on the pialon ; bnt on the otbpr hand it don not give back 

all the powei pnt into it b; the engine, becaose praettcftUj i 

it cftnnot be need aipauaiTely to the fall extent of Ita pre- 
Tiona compreaslon. In order to retom all ita acqidred 
powv, the air mnat nndergo no throttling, and mnat lie 
diaohaiged from the erliader In whioh It acta at the denaitr 
of the atmdaphere ; and aa theae oonditiona are impnotioableL 

the Inte from elaatidtjr in ^ fa prohftU* aa great aa that ! 

flrom the abaence of elaati<dtf in itater. Bat IhiB nae of oom 

Ereaud air is aubjeot to a far more seriona aonroe of waate 
y leakage, which in the case of air ta very dlfflonlt to de- 
teot ; and in an extended ayatem of pipes Bind maehinea, 
requiring a multitude of jointa, Talrea, and fitting aorfasea, 
the leakage of the air moat form an iaiamKnmtBble diffl 
onlty. Moreover, the elastiotty of air deprivea the maehinea 
to which it ie applied of that perftet ateadineaa and predaion 

Shieh is afforded bv the incomprGoalblllty of water. Nor 
any advantage to be gained by adopting the oonveiae pn>- 
owa of eihantting the iiz inatead of compreaaing It, aince the 
difflcnltiM whiob appl; to the one oaae are equally incident 
to the other. 

The p m poa o a to vhtoh water prcesnre haa been applied as 
ft meana of traomutting power are nnmerona ; in faotioalmoat 
every caae where manual labonr ia used ai a mere motive power 
It may be anperaedad by engine power transmitted by means 

of water preaeore. The widest application of thia netMn is In dooka, where the water- 
machinery is now nwat extensively need in Englana for the pr~ " ' "" -^ -•- 

gatea, Bwmg bridge*, and eluicea. and alao for hftuliog ships thro[„ _ 

waiehoosiog cargcea. It ia alaovery generally employed in the various operations connecteawilh 
tlie shipment and diaobaree of coal; and the mechanical arrangementa applied to meet the dif- 
toent oonditiona nnder wnioh theae operations have to be perfoimed a 

appllcatioi . . ., ^ 

Dooka, <ni the river Hnmber, where bargee containing S2 tons of coal are floated into a cradle, and 
then lifted bodily to a considerable lieight and toroed over into a ahoot, whioh delivma thr ooal 
Into ft ahip ahmgaide. 

In France it la in nse at MaraeiHea, at Bonen, and at the goods station of the Paris and Lyona 
Bail way in Paris, for the purpoee of loading and nnloadJDg the wagons, and also for hauling tJiem 
in the station yard. The machinery at this station aObids a good example of the application of 
the principle to railway floods traffic, and may therefore be selected tbr description. 

The nuchinea comprue fifteen ajngla-iiower hydianlio platfonn cranes to lift 1} ton ; and three 
double-power aimltar cranea to lift 1| ton vrith the bwer jiowot, and 8 tcna with the higher 
power : also two hydraulic enginea for driving capstan-beada for hauling trncka 

"" ' ' - a represented in Figs. 41S3, 41St. They are adapted to tnm as 

water preaanre. The jib is a fixture to ue crane-pillar A, which 
is made to revolve by means of a chain pasaing round the capped wheel B, and worked by ft pair 
of hydranlio preaeea OC. The diameter of the ram of each taming preasOlsiin., and the length 
of sboke is 3 ft. 8 in., whioh ia doubled by paasing the ohain over a pulley at the end of the ram 
and fixing the extremity to the cylinder. The lam of the lifting preaa D ia S( in. diameter, and 
has ft atrolra of 4 ft. 8 Ii^ and the motion is mnltiplied fonr times by mcena of pnll<!ya. The chain 
is ooovejednpwaids through the oentte <^ the pillaj A, and thence over the end t^ the jib. The 
lifting cylinder D is placed at an angle, to taoUitate the overhauling of the chain. The valvee for 
lifting, and lowering, and for turning, are slide-valves, the lifting and lowering lalve bavins two 
ports, and the taming valre three ports. Each ralve is worked by a lever B pasting through the 
platronn, the two lovets being placed at a proper diatance apart, eo aa to be worked by ft man 
atanding between them with a hand on each lever. To provide against the crane-jib slewing ronud 
brjond the range of the taming preaaea, the taming ralva i* made to close by a aelf-aoting 
arrangement at each cxtramlly of tbe range. 

The doable-power orane is of the same jencnl oonstroetion as the ■tng]».power ; bnt instead 
of a simple bydranlio preaa with ram for Itmng, a bored cylinder vrith a combined nun and piston 
ia applied, aa ahown in Figs. 11S6. 4186. For the lower power the preaaore is admitted upon both 
sides of the platon A, and therefore virtually a£ts only upon the tarn B, which is half the area of 
the plsloD, For the higher nower the ftont dde of the piston is open to Oie exhaust E, leaving tlu 
peanre F to act on the back only, and tlic effect Is then proportionate to the art* of tha pistrm. 



lie poTtMae d opening and closing tl 
through tbe looks and discharging at 
I the various operations connecteawil 
arrangemeuta applied to meet the di 
« performed are very various, and i 
nooeaaarily very elaborate. Perhaps the case of ^^ateat novelty in this branch of tha 
of water preaaure is that of a machine erected for Uiepnrpoae of shipping coals at Goole 
;he river Hnmber, where bargee oontaining S2 tons of coal are floated into a cradle, and 
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If bMsMMB toboth ridefl of the DMon, and th«lovfer power la then obbuned; while for the higher 
power the ralre ii oloeed, and the eiDBiut-VBlTe D in opened, whereby the ^otit side of the piston 
U Itept ootutaotl; open to the eibkiut K In OMee where three powen are reqaired, three 
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?ib, ind OTsi theie puUsTi the 
iftiDg chain puaea four tirnn, m> that the range of the nm it mnltlpUed altogetber etght time* 
at the eater end ot the ahein. 

Another mudiflntion of the Mme kind of uniwmeDt ie exhibited in Pifi, 4139, 4ItO, nhere 
-the cnne-pUteT ii ovried in top and bottom bearfiigt, and the lifting pren A ii plaoed between 
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he l<n> oheeka o( the pllUr. to this eaae there li n' 



Tbi« it the timplett uid cheapeit form of hjdmolio orane which is niMe. In all ooae* of onnea 
oontd^ng the lifting ptem in the pillar, the water U admitted tluDiigh the pivot at the bottom, 
which it made water-tight by meanaof aonpped leather. For oianeeoFa very high power, where 
onlr alow motlona are required, it ia now luuol to employ the ordioary gearing of a tteam-crane, 
and to apply ^e water preaanre by means of a small liydraalio engine fixed in the framework of 
the crane. 

Hydraulic ortuiea haveof late yean been Introdnced with great ad vantage at the ElairiakWorka, 
both in the fort;a and in the foundry. In the forge they are applied to the eervice of a 12-ton 
hammer, and by thia meana fbrgingi ranging in weight up to 20 tons are manipnlated under the 
hanxner with perfect preciaion and great aaving of time and labour. In the foundry they are ao 
applied aa to oommand every part of the floor, and tijua wholly to snperaede maoual labour for 
every pnrpoae of lifting and oarrying. The form of crane uaed in each of these department* is the 
nme, and ia repreaented in Figa. 4142, 4143. The jib and pillar of the crane are of wrought iron, 
and lerolTe in top and bottom bearinga. The crane has three motions, namely, liftio^, turning, 
and traverainff, all of whioh are effected by hydraulic power. The lifting cylinder A la made of 
donble power oy the ram and piston arrangement before described, the highSEt power being equal 
to 20 tenia : the ram is 11 in. diameter, and the piaton 15} in. diameter, the length of strobe being 
6 ft 6 in. The turning cylindera B are applied in the oaual manner at the foot of the crane- 
jnllar, the rama being each 4} in. diameter, with 5-ft. stroke ; and both the lifting and the turning 
OTlindo^ with their valves, are fixed in a chumber bentath the level of the floor. A thre&fort 
^ide-valve is uaed for the two tnmbg cylinders, and tnitie-VBlTes for the lifting cylinder. Tho 
chain from the lifting cylinder is carried upwards throngh the crane-pillar, bending over a sheave 
at the top of the mllar, and passes successively over the pnlleys of the travelling carriage D and 
the running block E, and ia finally made fast at the eitiemity F of the jib. For the purpose of 
overhauling the ram of the lifting press, a small press is ptaoed between the two taming presses B: 
and the overbanling action is effeoled by a chain and sheaves multiplying four times, the outer end 
of the chain being attached to the alidia g head of the lifting ram at L The preaanre in the over- 
haaling preaa ia oonstaot, and its action is therefore equivalent to thatofaoounterweight; the ram 
is 41 in. diameter, with 3 ft, Sin. stroke. For effecting the tfaveratDgmotioDof theload mspended 
at the book Q, the travelling carriage D is hauled inwards and ootwarda by two presses H flied 
to the back of the enuie-pillu, tud connected by chains with the travelling carriage ; the ram of 
eadi preaa ia M in. diameter, with 4 ft 7 in. stroke. The alternating action of these preesee, 
which is praaiaely the same as that of the preaaefl B nsed for the turning motitm, is regulated by a 
three-port slide-valve K attached to the front of the pillar, with atever ateaoh dde for working it 
The water is supplied to, and discharged titun. these presaee by two pipea whioh pass throogh the 
top bearing of the pillar, and the ooonection between the valve and toese [dpes is effected in eaoh 
ease by a trunnion joint at J J. 

Another novel pnroose to which hydraulic pressure has recently been applied la the rairang of 
the materials required for feeding blast fnmaces. The great increase in the height, size, and 
productive power of modem bli<st fiunaces has neoeasitated a great increase of speed and power in 
the lift ; and the employment of water-pressure machluFS haa fully satisfied these reqnirements. 
The apporatos employed for this porpose ia represented in Fig. 4144. The framework of the hoist 
iacoQstmcted of cast-iron columns anj^wrtsd by wronght-iron bracing. Two guided cages A A are 
nsed for receiving the barrows mntainiug the materials to be raised to the famace month; and 
two separate lifdng-preeeea B B, one for each cage, are fixed in an inverted position against opposite 
mdes of the framing, the nun of eaoh presa being III in. diameter with a stroke of B fL Ths 
lifting chain makes five toms over the pulleys C C of each pte«i, ao as to multiply the stroke ten- 
fold, and is osrrled np over a sheave D at tfa« top of the fnjning, and thenoe deaoenda to the cage 
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wbQe the otiiei ia mlaed. The cages lift two 1«nnwi At » time, v 

1| ton, and they mo hoUted to the top »t the rete of 1 fl. 6 •eeond ; i . . 

be attained by increMiiiK the liie of the ralves sod pipe* to the required eitcnt. A three-port 
■lide-Tsive ii n«ed for iTorkiDc the two preuee, sod sdniitB the water to the one pren while it 
discharge* it from the other. The ralTs is worked at the bottom, but a mpe ia provided to enable 
it to be worked from the top as well. An ananfremeiit is applied by which the cara graduftlly 
cloae the -nln at the termination of Mch lift, and thereby ennire a soft and gradual ceasatioii of 
the mntioQ ; and a safehr •ppsTBtai ia ftltached to eaeh cs«e, to anwt its fall by gripping the guide 
bars in the evont of the brMkage of a chain. 
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When (Mb P«pw wu TMd, B. Jkllet obeerred th»t it «u » remarkable eironnutaiioe that 
BiMuh, the iQTentoi of the h;il»iilio pteBS, hod suggested aa ewlf m 1802 the Applicatian of the 




Mine pnndple Rv working the ernnet on the dock quart at nnblln and fn the wnrehnnsei of 
the London Docks, aa waa ahomi by the Bccooipanying antograph letter. Rxtntct from antn- 
grwh letter of Joeeph Bramah to Robert Mallet dated London. lOtfa Nov. 1802, the original of 
whtoh was ihown to the meeting — "I hsye also now applied It" (the hydrftnlio press) "with 
the moat anrpristng efTeot to every aort of rrane for ratsmg and lowering goods in and oat 
of warahomea. So oomplete li the devleo that I will angafte to erect a steBm-engioB in any 
part ol Dablin, and from it convey motion and power to all the oranea on the keya and elae- 
whera, by which goods of any weight may be raised at one-third of the nsoal oort. This I do 
by the Bunple oommanicfttion of a pipe, jtut the wme m I iboold do to supply such premise* 



HTDBADLIC ItAOHINBS, VABIETIES OP. 1971 

with water. I Iibts k onuie on 017 own premuea which ■■(onubes etery penon b) wbom II 

ho* b«en ahowD, u ihev tee the gowla maorad Hid deaoend fifteen or twnitj time* Id > Biiuiite 

to the height of 18 or 20 ft., and 

at the mme time it ia impoarihle 

for an; peraou niuoqiuinted with 

the principle to diaoover how or 

where the power OMnea from." 

Thia aboweil that Biamah had 

diatinoU; aeen the great scope 

fiw future eipAoiion of the prlit- 

oiple ; hot he had been too mn«h 

in adnmoe of the time foi hia 

idea* to be pnutioallj developed 

dnriDg hia lifetime to ao mot an 

extent aa the; had iIqob been b; 

the very iogenioos and perfeot 

arrangementa of Sir William Arm ■ 

atrong deaoribed In the pc^er now 

nad. 

Bydraalie Bamt. — The hfdraa- 

lio ram, the prtnoipla and mods 
of aotioQ of wnich every eogineer 
ia aoqnalnted with, ia employed 
solely for the porpoae of raidng 

water. See Fig. 93, p. 3S. It 
may therefore Be olaaied among 
pnmpa: but as it utilizes for this 
purpose a volume of water falling 
trom a certain height, that is, a 
&11 of water, it moat alao be 
oooaidered as a hydnadie motor. 

Wa ahall not describe hare thft 
olaasio nun of HontgtdAo', with 
which evervbody is ao^uaiated: 
bat we will at onoa eumiue the 
improved nm by H. Bol^, ot 
Le fthna, which waa eshibitud 
in Paris Id 1867. Thia ram, re- 
preseated as a wholo and in de> 
tail in Figs. 4145 to 4153, ia 
nothing but UontgolOer'a ram 
provided with certaia details 
whioh give it a regular and per- 
manent action and enable it to 
work without being oonstaot^ 
attended to. 

The motive water airivea 
through the pipe A, and tho 
water raised is fbioed into the 
reservoir of air D, whenoe it flows 



np the asoensiuD-i^pB. When the ram la not at work, the valve B ialet down ; it would allow a 
paaeage to the water if oaie were not taken to plue a batch at tlie head of the eonduit which 
Drings the water to the body A of the ram. Suppose this hatch opened, the water pula its«lf in 
motion in the oonduit, and the nm begins its setion, presenting socceedvelj and periodically the 
three ft^owing phases : — 

Firtt fAan. — The water that arrives through the inlet-pipe begina to flow with a velocity dne 
to the height of the fall, throng the valve B (wluoh ia let down), and thtoagh the spaces between 
the four arma t of the upper guide of thia valve, Fig. 4148 ; bnt the flow of the water and the pres- 
sure exerted by It while m motion npon the lower faoe of the valve, cauKS thia latter to close, and 
the iasne of the water oeases. 

Baiond phoM. — At the mnmant when the iaane of the water ocaaes, the cA vita posseesed by the 
oolnmn of water in motion causes the rarnnuiyj rtroAt, that is, opens the retainmg for forcing) 
valve G ; the water enters the ur.veasel D, and at the same time, in cccBeanence or the eflect of 
the shook upon the valve Q, and in virtue of ita elasticity. Sows bock through A. 

Third pioK.—M the momeut when the heokward motion begins, the valve G closes and B 
opens, again allowing a paaaage to the water ooming &om the upper water-couise ; then tho three 
phases begin over again. 

Havuig eiphuncd tho action of the ram, ire have only to describe the details of its oon- 
■troction. 

The valve B is partly balanced by a countopoise e, to which it ia connecttd by mraiia of a 
rod b. Theeflbct of thia addition, which doea not exist in Hontgolfler'a nm, is to make the valve 1) 
oloae mora readily. The lower rod of this valve ia gnided, as shown in Fig, 4148. in a liltte cylinder 
with two lateral opentnin, the botlom of which ia furoiahed with indis-rubbtr washera. Conae- 
qoently tho valve on falling atrikea easily and noiselessly against its loner atop. 

Td ensnre the proper actkn of the ram, and lo prevent a breakage either m the inlet or in tba 
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diapenaable oond 
a Uontgolflei's < 



ia danger of a bieakaES oooarring. 

This defect M. Bol^ haa removed in the following wa; : — In front of 
the valve B he places a long, vertical, hollow coluian e, Figi. 4145, 4I4€, 
the top of whioh ia high enough to be out of the reach of the nighest floods. 
The detaila of the head of thia oolumn are ahown in Fig. 41S1. It is liii^ 



nished with a aaifting valva, the opening of which is regulated by tho 

Ctad Borew m and a retaining valve > ; a pipe «' forma the commnnica- 
between tho chamber of thia valve and the bod^ of the ram ; the pipe 



opeoi into tha tarn below the clack Q at E', Fig, 4145, and ita oriBce ia 
nUDiahed with a aeoond valve ^, the detaila of which are shown in 
Siga. 4132, 4153. At the moment when the atioke occurs below tho 
Ttuve G, the water aaoemla violently the oolumn t and compresaes the air 
contained In it: a portion of thia air escapes through the snifting valve, 
but the remaiainK portion lifts the valve i, and oocupies a position above. 
When the valve B descends, and the water entering the ram flows 
through the ori&ces of thia valve, the water desoends in the column «, and 
the Bitemal air enters through the niiftiog vulva. The valve i' prevents 
the oompiessed air anrroundiog it from returning into the pipe c", by 
dosing IQB orifloe of this pipe under the option of the stroke. The com- 
pressed air contained In the ohamber of this valve ia then forced to enter 
under the clapper Q at the tooment when the latter is open, and thia air 
rises np into the air-veasel D. Thus the supply of air to this vessel ia 
effected at eech stroke. 

It is obvious that the importance of the maaa of water cfintaiiied in the 
mm, from the oommancement of the inlet-pipa up to the clapper G, is not 

unworthy of consideration from the point of view of the effect produced. 

No authoritative rule exists relative to thia questinn. Awarding to soma 

writers, the length of the body of the ram. that is, the length of the inlet' 

pipe, should be about | of the height to which the water is to be ruised. 

Acootding to others, this len^h should he equal to the height, increaaed 

by the ratio between the doable of the height and that of the fall. But neither of these empiric*! 

nilea are In uooidBnae with the dimensioiia of varioua eiialing nmu. 
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of pumps. But the h;dr«Dlia r 
oonstructed for only very small Foroes : were 
it not for this foot, this very ample engine 
iruuld be generally emploTed. 

Lditani^i Slim.— We will oonolnda oni re- 
marks on hjdianlio lama with » few words 

respecting s oontrivanoe employed to draw 

water bom an ezoaTslloD. 

When the qnaiitity of water to be drawn 

np is small, it is weU to utilize the fall itself 

npoa which hydraulio works are execDled 

to effect the clearing of the eicavntion. 
Fig. 415* repreaenls a hydtaulio ram 

ooatiived for etaptyiog a place of water. 

Two Talres S S are oonneoted hy a be«m 

oscillating about on axie oo. The water of 

the upper coarse, by flowing through tho 

aperture unoovered by one of the Talves, 

produoes the effect of the water-spout, and 

eaiik» up the waler from the stream to be 

emptied through the pipe nn. This pipe ia 

eovided with au air-veasel m, and sei>ar&tea 
to two braaohes 8' 8', furnished with re- 
taining valves : each of these two brauches 
opeiunndertbeBeatof one of the valves BB. 
The water snaked up flows away iuto the 
lower course, with the motive water, through 
cne of the pipes dd. The flow of the motive 
water through cne of the valves 8 causes this 
valve to close, and consequently the other to 
open, and vice vend. Thug the apparatus is 
self-acting. 

The hydraulic ram was used in making 
the Hont Cenis tunnel to compress the air 
necessary for the supply of the wind-waya 
and for working the boring toots. Before 
the eroction of the powernil compression- 
pumps used later, M. Sommalier, the eugi* 
neer of these works, had a series of hydraulic 
nuns constructed working under a foil of 
26 mtitrea. These rams compressed up to 
flve atmospheres tho air neoassary to (bive 
the tools and to ventilate the works. 

Wattr-prtimrt Engina. — This olass of 
motors is generally erected to utilize small 
volumes ofwater and very high foils. They 
are asually employed to raise water or rather 
to drive ^nmpe. In this case It consists, fn 
its essential parts, of a cylinder and a pistoD 
moving with a reciprocating motion ; the 
piston-rod transmits this motion directly to 
the pump. It will be seen at once that the 
oonstruotion of water-preeeuie, or as thev 
are usually called, reciprocating ooginea, u 
much more like that of steam-eneinos than 
that of the bydraulie motors wbioD we have 
already considered. These pieseure engines, 
however, reqaire a particular arrangement 
of the diatribntiug apparatus, often giving 
oocasion for some very ingenious and remark- 
able contrivances, which we will describe 
Iwther on. Two artiaoes used to vary the 
pressure in a steam-engine, namely, e^pan- | 
tion and tarteahn of pnnwi, cannot be em- * 
picked in a water-prassure engine. The ; 
water being inoompressible cannot expand, | 
and if the pressure were made to vary, the 4 
ntiliied fall would be diminished without 

proportionately reducing tho volume of water eipended (which is always equal to the volume 
generated by the piston) ; therefore the duty of the engine would be ilpfreasod, which would be 
bad. _ The variations of the fall, and oonaeanenlly of tho pressure, should be nnly an inapprccinlile 
i^aotian, so to speak, of the total full r for tuis reasoti, these eoginea ue applied cmly to high falls. 
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Beiohenbaoii'B engine at Illnng, In Bararitt, is the oldest and moat remarkable trpe of the 

"'" "■""" — "^ ■"" " 'iwnwatd stroke. Fij;. 4155 repreeBntB a vettieal section of 

re vill matelj giTs an explanaBon of the i«feraiioea. 





o 



HYDBAULIO MAOHINBS, VAEIETIE8 OP. 1977 

as the partiiU closing of the Talve causes a contraction, a, air ^nrge-cook ; when this is opened 
before tne engine is started, the cock 6 is shnt, and when the engine is deared of air, the cook a is 
dosed and b opened. E, outlet or discharge pipe for the ^^^ 

water that has done its work; in the fleure, the com- 
munication between this pipe and the cylinder is inter- 
rupted by the piston U, and the communication between 
thu same pipe and the cylinder C established. 

At starting, the driving or loaded piston B being at 
the top or beginning of its stroke, the mutually dependent 
pistons E, G, H, are raised so that the piston M may 
occupy the position H'. The pistons p and p' are moyed 
by hand, and the orifice o is uncovered to put it in com- 
munication with the discharge-pipe E. The diameter of 
the piston K is a little less than that of the pistons H and 
G, which are equal, and the top of this piston is in com- 
munication with the motive water through a pipe which 
opens at o^. The valve O being open, the pressure of the 
water causes the three pistons K, H, G, to descend, and 
the piston H uncovers the orifice of communication with the driving ijiston B ; these three pistons 
then occupy the positions shown in the figure. As the piston 8, which is in constont communi- 
cation witn the motive water through the pipe P, is of a much smaller diameter than the loaded 
piston B, the latter descends, and orings dowiL consequently, the piston u of the pump; this 
piston forces the water to be raised up the ascending pipe. 

A little before the niston B has reached the end of its stroke, a pin t acts upon a lever f, which 
raises the pistons p ana p\ and places them in such away Uiat the orifice o is put in communication 
with the pipe T, which brings m the water. The result of this is that as soon as the piston B is 
at the end of its stroke, the bottom of the piston G is in communication with the water; the 
pressures upon the pistons G and H therefore balance each other. But as the upper rod of the 
piston K is a little larger in diameter than its lower rod, the water raises the three pistons and 
replaces them in their original position. The top of the piston B is in communication witti the 
escape-pipe £, and the pressure under tliepiston s raises tnis piston, and conseauently ihe loaded 
piston 6, as well as the pump-piston «. Wnen the loaded piston has been raisea to the position it 
occupies in the fisurcL a lower pin t has moved the lever / to bring down the pistons p and p% and 
make the engine begin again the downward stroke. 

The pressure of the water is 116 m^res; the stroke of the pistons B and IJ is 1**05; the 
engine makes %Mi, strokes a minute; and the salt water is raised by the pump to a height of 
378 metres, including the suction; the stroke of the pistons K, H, G, is 0"'8S0. Tlie volume 
of water expended at each double stroke may be resolved thus ; — 

1. For the downward stroke there is exp^ed a cylinderM for piston B ; 



:s 



- X 0-720 X l"-05 428HtreB. 

2. To change the direction of the motion, a cylinderful is expended for piston G ; 



•J X 0-235« X 0"-83 lOUtres. 

8. To xaise the pistons 8, T, IJ, a oylinderftil is expended for piston 8 ; 

•J X 6^28? X l"-05 e7Utres. 

4. To change the direction of the motion, that is, to determine the ascent of the three pistons 
8, T, U, there is expended only the difference between a cylinderful of G and a cylinderftil of K ; 

j-(F235* - CFT95*) X 0"-83 = 416 Uties, say 5 Utres. 

The total expenditure of motive water (fresh water) is thus 510 litres, say 500 in round numbers. 

V ^ 1- 1 V A ^ ^^^ X 116- X 2-15 oo . 

Motive work in hone-power a second, M to =s ^rr — -j^- = 28 horse-power. 

The pump U raises at each stroke 67 litres (^ x 0-285* X 1"*05 = 67 litres] , weighing 

about 1-20 kilogramme the litre, to a height of 878 mHres. The effective work in horse-power 

J I Av r « 80^ X 878» X 2»15 -^ . 

a second is therefore E to --;; — = 14 horse-power. 

60" X 75Mf *^ 

The work in water raised is therefore 50 per cent. 

These calculations are only approximative, since they suppose t^t the volume generated by 
the pistons is just the volume expended or raised, and that there is no loss from escapes. 

The engine erected by M. Juncker at the Huelgoat Mines (FinisttUreX a vertical section of 
which is shown in Fig. 4156, is an imitation of Reichenbach's. It is, however, much more powerful 
and more rigid. The well in which it is fixed, offered only a limited space, and consequently its 
erection required special arrangements. The pump, too, which it had to work, being situate at a 
great depth beneaUi the engine, a long, heavy rod nad to be balanced. This last circumstance 
induced M. Jiinck^ to make the engine work with an upward stroke only, in order that the rod 
might be subjected to tension in transmitting to the pump the work requisite to raise the water. 

As the Huelgoat engine works only with an upward etroko the upper part of the cylinder is 
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open, and the leakage of the piston may therefoie be readily perceived ; this ib not the case In 
Reiohenbaoh's engine. 

The adit is situate 14 metres above the engines, so that the weight of all the tackle is balanoed, 
for the ascent, by a column of water 14 metres high, having as a base the section of the loaded 
piston. The introduction and discharge of the water, and oonseqnentl^r the speed of the engine, 
u regulated by means of the piston G. The figure shows this piston in its middle position; it 
closes the admission-port G beneath the loaded piston. 

The engine is started by opening the cock B, which puts the inlet-pipe A in oommimioation 
with the space between the two pistons p, p', which is of the same diuneter ; the cock c is also 
open. In order that the pistons p and p' may be easily brought into the position shown in the 
figure, that is, so as to uncover the orifice of the pipe o o, which puts the pipe a in communication 
with the top of the piston H, a pipe t is made to afibrd communication between the two fans of the 
piston p ; the diameter of the itxl t of this piston is such that the pressure of the water upon 




Q, is a little greater than the area of the lower face, the water forces down the whole of the 
pistona K, Q, and G, and opens Uie port G, through which the water is let under the piston B. 
The ball s at the end of the rod of the piston G enters a small cylinder v bored to a diameter only 
a very little greater than that of the ball ; the water in this cylinder breaks the descent of the 
parts and prevents a shock. ¥^en tiie piston B is near the end of its stroke, a svstem of pins and 
levers raises the pistonsp and p', so as to put the pipe o o in communication with the escape-pipe e e. 
This causes the piston G to ascend, whi^ passing before the port G, rises above, to put the lower 
fiooe of the piston B in communication with the eduction-pipe £. The piston B then descends, and 
another system of pins brings back the pistons p and p* to the position shown in the figure, when 
the piston B has arrived at the end of its stroke. 

We ought to remark here that the passage of the distributing piston in firont of the port G has 
the effect of stopping for an instant the loaded piston B when it has reached the ends of its stroke. 
The dead-points of the pump are in this way very distinctly marked ; this is a favourable ciroum- 
stance, as it allows the valves time to dose. This arrangement also causes the piston to start 
slowly in either direction, which gives the valves time to open fully before the pump-piston has 
acquired its full speed. The engine may be stopped at any part of its stroke, ana the stroke may 
be varied as required. Thus Jiincker's engine is the most perfect of any at present employed. 

Pfetsh's Horizontal^ Jhubie-action Engine, erected at the Salt-voorkM of St, NichoiaSf at Varange' 
friUe. — ^This engine, a section of which is shown in Fig. 4157, works directly a horizontal double- 
action pump, by means of the rod t. The engme being a double-action one, it has two distributing 
pistons g and h Tthe diameter of the second being a little greater than that of the first), which put 
successively each face of the piston B in communication with the induction-pipe A and the 
eduction-pipe E. The distribunng pistons are worked as in Jiinoker's engine, by means of two 
small pistons P and P' of equal diameter. 

In the position shown in the figure, the pistons P and P' put the fore face of the piston K in 
communication with the escape e; the distributing pistons g and h (both on the same roa) are then 
placed in the position shown in the figure, so that the piston B is about to move in the direction of 
the arrow. On approecbing the end of its stroke, the piston B acts upon the rod t and places the 
pistons P sad P so that the orifices o and a are comprised between them ; the water then presses 
upon the fore face of the piston K : this causes g and A to move back so that the fore part of the 
cylinder is in communication with the pipe A, and the after part in communication with the orifice 
E of the escape-pipe. The piston B then begins its back stroke, and, having reached the end, it 
acts upon the rod t to bring back the pistons P and P' to the positions they occupy in the figure ; 
this causes g and A to replace each other, as the figure also shows. 

Reciprocating engines have been used during the last few years to turn a shaft. Since the 
Exhibition of 1851 they have become common in England, especially among the lead mines of 
the North, where they are used to raise the ore. Sir Wm. Armstrong is the chief constructor of this 
kind of double-action engine, which he employs to work whims. They consist, in their essential 
parts, of two horizontal cylinders, the pistons of which drive two cranks at right angles. A 
distributing apparatus oomprisine, for each cylinder, a normal slide-valve, that is, without lead or 
overlap, which must be regulated with great nicety on account of the incompressibility of the 
water. These engines have between the diameter and the stroke of the pistons the usual propor- 
tions of a water-pump, and they work at a low rate of speed, generally less than twenty revolutions 
a minute. The induction-pipe should be provided with the necessary means for avoiding ram 
strokes, namely, an air-vessel, or safety-valves, or a plunger loaded with weights and moving in a 
pump-barrel fixed near the engine and in communication with the induction-pipe. The motion of 
the slide-valves is communicateid by means of link-motion, which enables the engine to be reversed, 
so as to drive the whim sometimes in one direction and sometimes in the other. If the reversing 
is not required, the distribution may be effected by a three-way cock R, Fig. 4158. In the position 
shown in the figure, the port / is in communication with the inlet a ; whilst the port / is in com- 
hiunication with the escape e, the piston B is moving in the direction of the arrow. 

It is indispensable that the water emploved in these engines should be quite free from gravel 
and other bodies in suspension, which would soon injure the rubbing parts. 

Sir Wm. Armstrong has also constructed triple engines, with double-actioii, the three pistons of 
which drive three cranks conjugated at 12(r. As an example, we will cite the 8 horse-power 
engine at the docks of Ifarseilles. It has three horizontal oscillating cylinders, and it drives a 
cranked shaft. The hollow axis of each oscillating cylinder receives the water on one side, and on 
the other works its slide-valve, which is wholly detached from the cylinder. These cylinders are 
0» • 107 in diameter f^m Inside to inside, and the stroke of the pistons is O*" *304. As the engine 
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a tvmty leTdalkiiu & miDute, it foUovs that tbs meaa 
— sjyi = 0"-203 ft aeoond. 



f the platona ia onlj 



BabitOute for a Statutpipt, iavenled by Samuel Hoekin^, C.E., who flret applied it to the Croydon 
Wnter-workB ia 1851. — Id applying tbesingle-BOtmeConuah engine to wate^'iToika wheietbera ia k 
variable preasnre in the maijiB, a ataJid-pipe wna added to r"""*"'" a nniform leeiatance Kgsinit the 
aotion of the engine. 

When the Ciajdon Wftter-wotka vfa» designed by Mr, Bangor in 1850, it ma onmdered 
that the atorage leservoir on the hill vaa near enon^ to the enginea to aerve for the ordinary 
stand-pipe ; and the enginea ware contmoted tot aocordingly, that la to aay, to work without the 
DBOal aland-pipe. finbaeqnently, however, the contractor'a engineer, Samoel Hooking, who designed 
end erected tbeee enginea, finding that the tonn waa to be aapplied by branch pipea leading off 
troTu the maia that oonreyed the water fhim the enginea to the reaerroir, and that any fareuiBga 
taking plane in thoae bnuiahee migtit eo lessen the resistance wainit the pnmpa aa to endanger the 
safety of the engines, the entire nak of which was gnavanteed by the oontractors for one year, he 
oontdred a cheap mbatitute for the ordinary atand-pipe, which tbs contrsotors aapplied at (heir 




A, Branch joining alp-nm«l, B. Branch joining the m^n. C, Valre-SMt. D, VsIte, with 
anull opposing lurbce to thr flow of water through it. E, Valre-ipill, fiied to tha Mat ; and 
to gM ample nwm lor tba top end of It, thtra is a hol« in tha bottom ni of the planger. 
N3.— The ralre ben la free, but It may be hong &at to the plnnger. F ?, Bolta for fiiii^ 
the nlT«-«at. G, Plonger, with a collar to limit it* lift. B, Lownmoat weight, fiiad to Iha 
plunger. I 1, l^- • - - 

iiqt-piecfl oD top «i 
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own ooBt rather than incur the risk of accident to the enginefl from that source during their period 
of guarantee. 

This ingenions Bnbstitate for a stand-pipe, the oonstmotion and application of which we iUos- 

irate, Figs. 4159 to 4162, has a 

valve that is made to shut against 

the flow of water issuing from the 

pumps, which valve must open 

before any water can get into the 

main. It also has a plunger, or 

hydraulio ram^ passing through a 

stuffing box over the valve; tho 

bottom end of the plunger rests 

on the valve inside, and the top 

end of it carries a weight outside 

the main. The outside end of the 

plunger is loaded with weights 

amounting to a little less than 

that due to the fuU hydraulio 

pressure acting against the inside 

end of it. When the mains are 

under f^ pressure, this plunger 

is lifted up to its limit of travel, 

and the valve left free to act, 

nothing bearing on the valve but 

the pressure £ie to the column 

of water confined in the main. 

Whenever the hydraulic pressure 

in the mains gets reduced through 

accident or otherwise, the excess 

of weight on the plunger will 

bring it down to bear on the top 

of the valve, where it will act with 

that portion of its weight that is 

not balanced by the diminish^ 

hydraulic pressure in the main. 

thus maintaining a uniform load 

on the valve^ and a uniform 

resistance against the engines. 

In starting, the engines have to 

pump against a weighted valve 

instead of a given column of 

water; and when the column is 

full, the weights cease to act. 
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FROM PUMP 



Section of air-vessel, Tig. 4161. 
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Had a common flat valve been used, the plunger above it would then be of the same diameter, 
requiring an unwieldy weight ; but by reducing the area of the valve exposed to the upward flow 
of water, after the manner of construction of the ordinary double-beat valve, a small size plunger 
with manageable weights suffices. 

To explain the construction of this apparatus more particularly, reference being made to Figs. 
4159,4160;— 

A, that part of the apparatus that is flxed to the engine-pump, and through which all the water 
pumped has to pass to the valve D, and thence to the mams through B. 

CD, valve-seat and valve of the double-beat kind, the valve D working on a central spindle E. 

FF, two bolts for screwing down the valve-seat from out- 
side. 

G, plunger-pole or ram, with a collar to prevent its rising too 
high ; and a recess cast in the bottom end of it to give ample 
length of guide-spill for the valve. 

H, a heavy cast-iron block, forming a round table for carrying 
the weight used for loading the plunger; it is securely fixed to 
the plunger-pole. It has two adjusting stndds as legs, marked 
1 1, on which the weight of the loaded plunger acts, thereby 
preventing it finom striking on the valve, m case of sudden re- 
moval of hydraulio pressure by breakage of the mains. 

K, wrought-iron lengthening-piece to the cast-iron plunger, 
over which the cast-iron weights M M slide off and on to adjust 
the load on the plunger when required. 

L, a wrought-iron guide to steady the top end of the plunger- 
pole. 

The beats of the valve G D are made very narrow — ^less than 

Lof an inch — to prevent the heavy jumping action that would 
kve been occasioned by wide be&ts ; before the valve opens, the 
fi)roe is measured by the surface within the beats, but the instant 
the valve movea^ it is measured by the outside diameters. 

The SiphontwAt one end of a bent tube be put into a vessel 
of water, Fig. 4163, and the other end without be lower than the 
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snrffice of the water, then if the air be extracted out of the tube D E F, or the tnbe be filled with 
water, the water will flow through the tube in a coutinued streapi, until the surface of the water 
in the yeaeel is on a level with the extremity F. For when the air is drawn out of the siphon, the 
water will rise in it to E by the pressure of the atmosphere upon the surface of the water A 0. and 
then it will descend to F by its own gravity. The siphon being full of water, the forces which act 
upon the water in the tube are the pressure of the atmoepbere upon the surface A C, and the weight 
of the column of water EF, acting in the direction D £ F; and the pressure of the air at F, and 
the weight of the column of water E H, acting in the opposite direction FED. The pressure of 
the air on F and an equal surface of A G, may be considered equal to each other, for the difference 
of the altitudes of AG and F is too small to produce anv appreciable effect on the pressure of 
the air ; these pressures on the tube D E F will therefore balance each other. But the weight of 
the column of water E F being greater than the weight of the column of water E H, the sum of the 
pressures in the direction D E F is greater than tlie sum of the pressures in the direction FED; 
the fluid, therefore, will continue to flow in the direction D E F until the surfuoe of the fluid A 
IB on a level with F. 

The siphon will not act if the height H E be greater than 33 ft, for then the pressure of the 
. atmosphere on the surfiace A H will not be sufficient to raise the water to the highest point E. 

Hydraulic Weighing Machine, — This machine, Figs. 4164 to 4166, invented by F. E. Duckham, 
presents improved appliances and furnishes a means of attachment for the goods to be weighed, 
whereby they may be suspended from the piston instead ^^ 

of being placed directly upon it; in this manner all 
liability to press unequally on the piston is avoided, aa 
well as the consequent development of undue friction 
between the piston and the sides of the cylinder, which 
frequently occurs when goods are placed on a platform 
formed b^ the top surface of the piston. For &is pur- 
pose the inventor suspends or attaches the apparatus or 
cylinder by means of a suitable stirrup-piece or sling 
connected to a link from a crane or in other convenient 
position. The goods to be weighed are suspended from 
the centre of the piston by means of a piston-rod which 
passes through a suitable water-tight gland or packing 
in the bottom of the cylinder, and to the lower end of 
which rod the goods to be weighed are attached. A 

gressure-gauge communicates as usual with the liquid 
1 the cylinder for the purpose of indicating the degree 
of pressure on such liquid, or in other words the weight 
of the goods suspended. 

Instead of employing a central piston-rod passing 
through the bottom of the cylinder, the goods may be 
suspended bv means of an inverted stirrup-piece, similar 
to that by which the apparatus is sustained, and which 
is passed over the top of the piston and down through 
guides placed on the outside of the cylinder, below 
which it is united in a link, to which the goods may 
be attBushed. In this case the top of the piston should 
be made of sufficient diameter to project slightly over 
the top of the cylinder. 

Instead of suspending the apparatus by means of 
a sling or stimip-pieoe, it may m mounted in gimbals or trunnions supported by a bracket or 
shelf, or the apparatus may be bolted securely thereto, the goods being attached as previously 
described. 

When this contrivance is employed to denote strains^ or for other testing purposes, the cylinder 
is flrmly secured in a vertical or other position, 
and tension applied to the piston-rod or stirrup- 
piece, the strain being denoted on the pressure- 
gauge as before. 

Fig. 4164 is an outside elevation of one arrange- 
ment of this hydrostatic weighing apparatus : 
Fig. 4165 a phin, and Fig. 4166 a sectional eleva- 
tion taken on line 1, 2, 3, Fig. 4165. A is the 
cylinder containing water or other suitable liquid, 
on the surface of which rests a piston or plunger 
B. To this cylinder A is bolted a stirrup-piece 
G, by which we may suspend the apparatus from 
a crane or apply it in any other convenient posi- 
tion. Instead of a stirmp-pieoe the apparatus 
may be slung by a chain or chains attached to 
eve-bolts G» 0», connected to the cylmder. D is 
the piston-rod passing down through a water-tight gland or packing E in the bottom of the 
cylinder A. At the lower end of this rod D is forme d an eye F, to which the goods to be weighed 
are attached. The latter are thus suspended from the centre of piston B, on which the pressure 
will oe umtormly distributed. G is a pressure-gauge of any suitable construction, and communi- 
cating witH the liquid in the cylinder, for the purpose of indicating the weight of the goods 
suspenaed from piston-rod D, the connection being either through the back of the gauge, as 
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■hown in Fig. 4166, or throagh the rim o( the gauge, oi 
ooDTenieut point The piston B uid gland E are madi 
le&liieis of the luoal fonu, as shown at as, in Fig. 
416G; aaaj oibei Bxrangementt ma; be employed to 
render the piiitoD water-tight. 

This weighing maoblQe, like many hydraulio oon- 
trinuioes, is only a particuhu appUmtion of the prin- 
ciple upon which Timothy Bromah coiutruQtea his 
famous ptesa, of which we treat noit. 

Tlu Hj/dnttaUo or Bramah Prtis. — The foUowing 
attiele on Sruoah'a Pre« is taken from Alexander 
Jamiesoo'a eioellent work, Ueohanics of Fluids for 
pMotioalHen;— 

If there be any number of pistons of different mag- 
nltudeiL anyhow applied to apertures in a cyllDdri(al 
vessel nlled with an ineompie«aible and non-elaatio 
fluid, 

nt forctt aeliiig m the piiion to maitdain on equili- 
trium, wiU btto OM aKother ol tt« ar»oi cf tht nipective 
opertml, or Vte iquani of the iiamateri of tht piainny 

Let ABC D, Fig. 4167. represent a section pasatng 
along the axis of a cylindriceJ Teasel filled with an 
incompiesaible and noa-elastiB fluid, and let £ F be 
two pistons of different magiutQdee, oonuected with 
the eyliudei and cloecly fitted to their respective aper- 
tnres or orifiou : the piston F being applied to the 
aperture la the side of the vessel, and tue piston E 
oocupnng an entire section of the ^linder or vessel, 
by which the fluid is oantsiued. Then, becAnse by 
the nature of fluidity the pressures on every part of 
the pistons E and F are matosUj trBUsmittuii to each 

other through the medium of ttie intervening finid, — 

It follows that these preasurM will be in a state of equilibrinm when they sre 
equal among themsi-lves. *^'- 

Now it is manifest thftt the sum of the prcesarea propagated bv the piston n 

E is proportional to the area of a transverse section of the cylinder ; and in r— ] i 

like manner the snm of the preesures propagated by the piston F is pro- A . ^l' H B 
portions! to the area of the aperture which it oocapies ; conseqnently an ^^^^§3 
equilibrium must obtain between these presaurea, ^^^fcf ^pa , 

When tht forget on tht pMtmt are to out aHUther respcctitety at tht orvat of ^^^&i^\^ 

tht aperturtt or spooss vhiA tht]/ oocupy. B ^^^SS=l n 

And it is obvloas that the same thing will take plsoe, whatever may 
be the number of the pistons pressed. 

Heuoe it appears that by taking the areas of the pistons £ and F iu a proper mUo to <nie 
another, we can, by means of an incompremible fluid, produce an enormous comprcsaion, and that 
too by the application of a very small lerce. 



Put P = the (brae or pressiue on the ^slon 'E, 
A = the ana of the orifloe which it occupit 



. = the pressure on the piatm F, and 

a = the area of the orifloe <n space to wliich it is fitted. 

Then, according to the principle annoimced in the foregoing propceition and demonstmted 
above, we shall obtain a ; A : : p : P. 

But because, bv the principles of mensniation, the areas of diflerent circles are to one another 
as the squares of their diameters ; if therefore we snbstitule iP and D' respectively for a and A in 
the above analogy, we ahall have <J* : D* : : p : P, and tiaui this, by making the product ot the 
mean terms eqn^ to the product of the extremes, we get 

pIfl = VtP. C^J 

This U the prinoiple upon which depends the oonitmotion and use of that rery wnrorfW 
Instrnment, the Sydmtatie Prra, first brought into notioe about the year 1796, by Joseph Bramah, 
of London, who announced it to the world as the discovery of a new mechanical power, in tbls, 
however, ho was mistaken, for although the principle upon which it depends may be aairt to ooa- 
atitute a seventh mechanical power, yet the principle was not new to philosophers at the time 
when Bmmah applied it to the ccnstmcHon of his pre«w«, it having long been taniliarlvknown 
under the designation of the Bydronialia Paradox ; and besides, the celebrated rsjcai OMcittely 
hinted at its application to mechanical purposes, but did not pursue ^^» '<*** ■" *°''°8'' '* 
produce anything usefiil, or to entitle him to the merit of the discovery. ^^ 

Tlie imprvremont introduced by Bramah consisted in the application of the common ™^K 
pnmp to the injection of water, or aooie other incomprenible and uon-elsstio fluid, into a """pf^ 
metallic cylinder, truly bored and furnished with a movable piston, made perfectly water-tight by 
means of leather collars or packing, neatly fitted into the cylinder. 

The proportion which subsists between the diameter of this piston and that of the plungn in 
the forcing pump, oonstitatea the principal element I:^ which the power of the Instrument is 
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calculated ; for, by reason of the equal distribtition of pressure in the fluid, it is evident that 
whatever force is applied, that force must operate alike on the piston in the cylinder, and on the 
plunger in the forcing pump, and consequently. 

In proportion as the area of the transverse station of the one exceeds the area of a similar section of 
the other, so must the pressure sustained hy the one exceed that sustained by the other. 

Therefore if the piston F in the preceding diagram be assimilated to the plunger in the 




every particular respecting the power and effects of the engine. 

This being premised, we shall now proceed to exhibit the use and application of the formula, 
by the resolution of the following praotioal examples. 

Ex. 1. — ^If the diameter of the cylinder is 5 in., and that of the forcing pump 1 in. ; what is the 
pressure on the piston in the cylinder, supposiiig the force applied on the plunger or smaller 
piston to be equivident to 750 lbs. ? 

Here we nave given D = 5 in. ; cf = 1 In., and p = 750 lbs. ; therefore, by substitution, 
equation [A] becomes 5' x 750 = P x 1'; that is, P = 18750 lbs. 

Or the equation for the Talne of P may be expressed in general terms as follows ; P = ~p • 

And from the equation in its present form we deduce the following practical rule. 

Bulb. — Multiply the square of the diameter of the cylinder by the magnitude of the power applied, and 
divide the product by the square of the diameter of the forcing pump, and the quotient wUl express the 
intensity of the pressure on the piston of the cylinder, 

Ex. 2. — ^If the diameter of the cylinder is 5 in^ and that of the forcing pump 1 in. ; what is the 
magnitude of the power applied^ supposing the entire pressure on the piston of the cylinder to be 
18750 lbs. ? 

Here we have given D = 6 in. ; <f = 1 in., and P = 18750 lbs. ; therefore, by substitution, 
equation [A] becomes 5' x p = 18750 X 1*; orp = 750 lbs. 

If both sides of the fundamental equation [A] be divided by D*, the general expression for the 

Pd« 
value of p is p = -=- • 

And the practical rule which this equation supplies may be expressed In words at length in 
the following manner. 

Bulb. — multiply the given pressure on the piston of the cylinder by the square of the diameter of 
the forcing pump, and divide we product by the square of the diameter of the cylinder for the power 
required. 

Ex. 3. — ^The diameter of the forcing pump is 1 in., and the power with which the plunger 
descends is equivalent to 750 lbs.; what must oe the diameter of the cylinder, to admit a pressure 
of 18750 lbs. on the piston ? 

Here we have given d = 1 in. ; p = 750 lbs., and P = 18750 lbs. ; consequently, by sabetitu- 
tion, the equation marked [A] becomes 750 D* = 18750 X 1' ; hence, by division, we obtain 

D' = = 25 ; consequently, by evolution, we have D ^ V25 = 5 in. 

If both sides of the equation [A] be divided by p, and the square root of the quotient extracted, 

/Prf" 
the general expression for the diameter of the piston is D = V • 

And the practical rule for the determination of D may be expressed in words as follows. 

Bulb. — Multiply the pressure on the piston of the cylinder by the square of the diameter of the 
forcing pumpy and divide the product by the force vaith which the plunger descends; then the square root 
of the quotient will br-the diameter of the cylinder sought. 

Ex, 4. — ^The diameter of the cylinder is 5 in., and the force with which the plunger descends 
is equivalent to 750 lbs. ; what must be the diameter of the forcing pump, in oraer to transmit a 
pressure of 18750 lbs. to the piston of the cylinder ? 

Here we have given D = 5 in. ; p = 750 lbs., and P = 18750 lbs. ; consequently, by substitution, 

equation [A] becomes 18750 d« = 750 X 5*. and by division we shaU have d» = ' Vqtso " ^ * 

therefore, by extracting the sauare root, wo get <f = V 1 = 1 in. 

If both sides of the original equation marked [A] be divided by P, and the square root extracted, 

the entire pressure on the piston, the general expression for the value of d becomes d = V € — 

And the practical rule which this equation supplies may be expressed in the following 
manner. 

Bulb. — Mult^ly the force with which the plunger descends by the square of the diameter of the 
cylinder, and divide the product by the entire pressure on the piston ; then extract the square root of 
the quotient for the diameter of the forcing pump. 

The foregoing is the theory of the hydrostatic press, as restricted to the consideration of the 
diameters of the cylinder and forcing pump, and tiie respective pressures on the piston and 
plunger; but since the instrument is generally furnished with an indicator or safety-valve for 
measuring the intensity of pressure, the Uieory would be incomplete without considering it in con- 
nection with the diameters of the pump and cylinder. For which purpose 

Put 8 = the diameter of the safety-valve, expressed in inches or parts, 
and w = the weight thereon, or the force that prevents its rising. 
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Then, aooording to the principle announced, p. 1983, we obtain the following analogies, namely;— 

D« : «• :: P : tr, 

d*: 8« :: p : »; 

and from these analogies, by making the products of the extreme terms equal to the products of 
the means, we get 

D«U7 = ««P, 

and cPw =s 8* p. 

Now, in order to pursue the expansion of these equations, we shall suppose the value of 8 to be 
one-fourth of an inch, while the numerical values of the other letters remain the same as supposed 
for the several examples under equation [A] ; then, to determine the corresponding value of te, or 
the power which prevents the safety-valve from rising, when all the parts of the instrument, or the 
several powers and pressures, are in a state of equilibrium, we have the following examples to 
resolve according to the proposed conditions. 

Ex, 5. — ^The diameter of the cylinder is 5 in., that of the indicator or safety-valve } of an inch, 
and the entire pressure upon the piston of the cylinder 18750 lbs. ; what is the corresponding force 
preventing the ascent of the safety-valve, on the supposition of a perfect equilibrium ? 

Here we have given D = 5 in. ; 8 = ^ of an inon, and P = 18750 lbs. ; consequently, by sub- 
stitution, the equation [B] becomes 5' to = '25* x 18750 ; from which, by diivision, we get 

•0625 X 18750 .^ _^ ,, 
^ = OK = 46'875 lbs. 

But the general expression for the value of to, as derived from the equation [B], becomes 
to = -r=^ , from which we derive the following rule. 

Bulb. — Multiply the entire pressure on the piston of the cylinder by the square of the diameter of the 
indicator or aafety-valve^ and divide the product by the square of the diameter of the cylinder for the weight 
required. 

Ex, 6. — ^The diameter of the safety-valve is \ of an inch, that of the cylinder 6 in., nnd the 
weight on the safety-valve 46*875 lbs., what is the corresponding pressure on the piston of the 
cylinder? 

Hera we have given 8 = } of an inch; D = 5 in., and w = 46*875 lbs. ; therefore, by sub- 
stitution, equation [B] becomes *25' P = 5' x 46*875, and by division we obtain 

The general eziwesaioa for the value of P, aa derived from the equation marked [B], becomes 

P=-ji- 

And the practical rule supplied by this equation may oe expressed in words as follows. 

Bulb. — Multiply the weight on the safety-valve by the square of the diameter of the cylinder, cmd 
divide the product by the square of the diameter of the safety'-vaive^ and the quotient will give the entire 
pressure on the piston of the cylinder. 

Ex, 7. — ^The diameter of the cylinder is 5 in., the entire pressure of the piston is 18750 lbs., 
and the weight on the safety-valve is 46*875 lbs. ; what is its diameter? 

Here we have given D = 5 in. ; P = 18750 lbs., and w = 46*875 lbs.; therefore, by substi- 
tution, equation [B] becomes 18750 8* = 5* x 46*875, and from this, by division, we get 

5* X 46*875 

^ == — Tonn^ — ~ *0625; and by extracting the square root, we obtain 8 = V'0625 = -25, or 

} of an inch. 

The general expres sion for the value of 8, as derived fh)m the equation [B], is as follows, 

namely. 8 = \/^Jl, 

And the practical rule which this equation affords may be expressed in words in the following 
manner. 

Rule. — Multiply the had on the safety-valve by the square of the diameter of the cylinder, divide the 
product by the entire pressure on the piston, and (he square root of the quotient wUl give the diameter of 
the safety-valve required. 

Ex, 8.— The diameter of the safety-valve is | of an inch, the load upon it 46*875 lbs., and the 
entire pressure on the piston of the cylinder is 18750 lbs. ; what is its diameter? 

Here we have given 8 = } of an inch, to 3 46*875 lbs., and P = 18750 lbs.: eonsequentlv, 
by substitution, we have 46*875 D* = -25* x 18750, from which, by division, we shall obtain 

'25* ^ 18750 

D« = ^rolr — = 25, and finally, by extracting the square root, we get D = ^^25 = 5 in. 
46*875 

If both sides of the equation marked [B] be divided by ir, the weight on the safety-valve, we 

8'P 

get D* = , and by extracting, the square root, the general expression for the value of D, the 

to 

diameter of the cylinder, becomes D = V — -- • And from this equation we derive the fol- 
lowing rule. 

6 L 
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Bulb. — Multiply the entire oresaure on the pisUm of the cylinder by the square of the diameter of the 
ectfety-vcUvef divide the product oy the weight upon the safety-ualve, and extract the square root of the 
quotient for the diameter of the cylinder sought, • 

Ex. 9. — The diameter of the forcing pump ia 1 in., that of the safety-Yalve is } of an inch, 
and the power or force with which the plunger descends is equivalent to 750 lbs. ; what is the 
corresponding weight on tlie safety- vaWe ? 

Here we have given d =1 in.'; 8 = ^ of an inch, and p = 750 lbs. ; consequently, by substitu- 
tion, the equation [0] becomes 1' x w = '25' x 750 ; that is, t^ = 46 '875 lbs., the very same value 
as we derived from the fifth example. 

If both sides of the equation nuurked [C] be divided by d*, the general expression for the value 

8*p 
of w becomes to = — ;=- • 

And the practical rule supplied by this equation maybe expressed in words at length in the fol- 
lowing manner. 

Rule. — Multiply tlie force with which the plunger descends by the square of the diameter of the safety- 
valve, and divide the product by the square of the diameter of the plunger ; then the quotient will express the 
had upon the safety-valve. 

Ex. 10. — The diameter of the safety-valve Is | of an inch, that of the forcing pump is I in., 
and the load upon the safety-valve is 46*875 lbs.; what is the power applied, or the force with 
which the plunger in the forcing pump descends ? 

Here we have given 8 = | of an inch, d = 1 in., and w = 46*875 lbs. ; consequently, by substi- 
tution, equation [0] becomes '25'p = 46*875 x 1', and from this, by division, we obtain 

*6'875 „_„ 
P = ^^»^ = 750 lbs. 
^ -0625 

The general expression for the value of p, as obtained from the equation marked [C], becomes 

d* w 
p =s -^=-, from which we derive the following rule. 

Bulb. — Multipiy the load on the safety-valve by the square of the diameter of the forcing pump, then 
divide the product by the square of the diameter of the safety-valve^ and the quotient will give the force with 
which the piston descends. 

Ex, 11. — ^The diameter of the plunger or the piston of the forcing pump is 1 in., the force with 
which it descends is equivalent to 750 lbs., and the load on the safety-valve is 46*875 lbs. ; what is 
its diameter? 

Here we have given d = 1 in., j) = 750 lbs., and w = 46*875 lbs. ; consequently, by substitu- 

46 * 875 
tion, we have 750 8* = 1* x 46*875, and from this, by division, we obtain 8^= ^..^ = '0625, and 

750 

finally, by evolution, we have = 8 V '0625 = '25 of an inch. 

Let bioth sides of the equation marked [G] be divided by p, the power or force with which the 

d* w 
piston of the forcing pump descends, and we shall have 8*= ^ and by extracting the square root 

jk yd^u> 

we get 8 a V . Hence the following practical rule. 

Bulb. — Multiply the weight or load upon the safety-valve by the square of the diameter of the forcing 
pump, and divide the product by the force with which the plunger or piston of the forcing pump descends ; 
then the square root of the quotient will be the diameter of the safety-valve. 

Ex. 12. — ^The diameter of the safety-valve is ^ of an inch, the weight upon it is 46*875 lbs., and 

the power applied, or tiie force with which the plunger descends, is 750 lbs. ; what is the diameter 

of the forcing pump? 

^ Here we have g^ven 8 = ^ of an inch, w = 46*875 lbs., and p = 750 lbs. ; consequently, by sub- 

stitiUien, the equation markea [C] becomes 46*875 d* = *25 x 750 ; therefore, by division, we obtain 

*25* X 750 
d* = — = 1, and finally, by extracting the square root, we get d = 1 in. 

The general expression for the value of the diameter of the forcing pump, as derived from the 

equation [0], is d = V — ? . And from this we obtain the following practical rule. 

t0 

Bulb. — Multiply the force with which the piston of the^ forcing pump descends by the square of the dia^ 
meter of the safety-valve, divide the product by the load on the safety-valve, and extract the square root of 
the quotient for^ the diameter of the forcing pump. 

The foregoing twelve examples exhibit all the varieties of cases that can arise from the combina- 
tion of the six data which we liave employed in our theory, namely, the diameters of the cylinder, 
the forcing pump, and the safety-valve; together with the entire pressure on the piston of the 
cylinder, the power applied to the plunger of the forcing pump, and the weight upon the safety-valve. 

We have determmed each of the quantities composing the several fundamental equations in 
terms of the others, and have drawn up rules from the general expressions, merely for the assist- 
ance of those who are not accustomed to algebraic reductions ; those who are will prefer finding 
each quantity directly from the general equation expressing its value. 

It is manifest from the principles of mensuration that the area of a transverse section of the 
cylmder, or the base of the piston, is expressed by -7854 D*; and we have shown that the entire 

pressure upon the base of the piston in the case of equilibrium is P = ^^ , and P = 5J?; conse- 
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quently, if n denotes the pressure in pounds avoirdupois on one square inch of the piston, then "we 
have 



n = 



78MD«' 



'^P= : 



7854 <f 



5, andn = ; 



7854 a* 



m 



4168. 



Now, from principles investigated by Peter Barlow, it appears that if c denote the cohesive force 
of the material emploved in the construction of the cylinder, t its thickness, and r the interior 
radius, then, in order that the strain produced by the pressiure shall not exceed the elastic power of 

ct 
the material, it is necessary that n = -— — . 

6 "7" r 

In order to demonstrate this, let ABD, Fig. 4168, be a transverse section of the cylinder, per- 
pendicular to the axis passing through ; then, supposing a certain uniform pressure to be exerted 
all round the interior boundary, it will readily appear, from the theory of 
resistance, that each successive circular lamina, estimated from the interior 
towards the exterior circumference, offers a less and less resistance to the 
straining force. 

But it is obvious from the very nature of the subject that by reason of 
the internal pressure or strain the metal must undergo a certain degree of 
extension ; and since the resistance of the outer boundary is less than that 
of the inner one, it follows that the extension must also be less. This is 
manifest, for the resistance which any body offers to the force by which it 
is strained is proportional to the extension which it undergoes divided by 
its length. Now, since the resistances of the several laminaa decrease as they 
recede from the interior boundary towards the exterior, while at the same 
time the corresponding circumferences increase, it is manifest that the 

extension for the several lamlnad decreases to the last or exterior boundary, where it is the least 
of all. It is therefore the law of the decreasing resistance that the present inquiry is instituted 
to determine. 




Put(f 

e 



6' = 



a 6, the interior diameter of the cylinder before the pressure is applied, 
the increase of d occasioned by the pressure, 
A B, the exterior diameter in its original state, 
the increase induced by pressure. 



Then (d + e) and (cf + e*) are respectively the interior and exterior diameters of the cylinder as 
affected by extension. 

By the principles of mensuration, the area of the annulus, or circular ring contained between 
the interior and exterior boundaries, 

la equal to the difference of the sqtuirea of tfie dkaneters, drawn into the ccnstani fraction 0*7854 ; w 
it is proportional to the swn of the diameters^ drawn into their difference. 

But according to the nature of the present inquirv, the area of the ring is the same, both before 
and after the extension takes place ; consequently we have (df 4- e*^' — ((f + «)' = d* — d* ; therefore, 
by expanding the terms on tne left-hand side, we get d** + 2 cf /+ «"— d* — 2d« — ^ = d* — d*; 
or, by transposing and expunging the common terms, it is 2 d' e' + tf'' =: 2 d + ^ ; and this equation 
being converted into an analogy, gives 2d^ •\' e* I 2d •{- e W e \ €^, 

Now, the quantity of extension that the material will allow before rupture being very small, 
especially as compared with the quantities 2 d' and 2 d, it therefore follows that the quantities ^ 
and tf, in the first and second terms, may be conceived to vanish, and the above analogy becomes 

d' : d : : d : y. 

From this it appears that the extensions of the respective circumferences are inversely as the 
corresponding diameters ; but we have stated above that the resistance is as the extension divided 

d d* 
by the length ; therefore we have ^'2^^* which amounts to the same thing, ^ X d^; hence this 

law, that the magnitude of the resistance offered by each successive circular lamina, 

Is inversely as the square of its diameter^ or^ which is the same thing^ inversely as the square of its 

distance from the common centre to which they are referred. 

From the general law thus established, the actual resistance due to any point in the annulus, 

or to any thi<£ness of metal, can very easily be ascertained. * 

Put r = C a, the interior radius of the cylinder, of which the annexed diagram, Fig. 4169, is a 
section, 
< = a A, the entire thickness of the metal, *^^^- 

X = afij anv variable thickness estimated from o, the interior 
surraoe, 
= the pressure on a square inch of the inner surfiBM^' in pounds 

avoirdupois, 
= the measure of the straining force, or the resistanoe sns- g, 

tained by the first or intenor lamina ; and 
s the cohesive force of the material. 



n 

/ 

c 




Then, agreeably to the law of the resistances which we have esta- 

/r* 
blished above, we have (r + a:)* : r* : : / : — -i — -r ; thlA result expresses 

(r 4- Jf) 

the strain at the point x, or the resistance of the material whose thickness is a n ; and the fiuxion 

6 L 2 
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of thiB quantity, as referred to the Tariable thickuoas or, is flux. = -^ — ; consequently the 

(r + xy ^ ' 

fluent, or the sum of all the strains, is | /^rT'*;,>A + ^» '^^ ^^^ when x ^ t beoomes 



''^' V (r-+ X) 



Therefore if the strain or resistance / were to act uniformly on the thickness expressed by 

f rt 

^ , it would produce the same effect as if all the variable strains were to act on the whole 

r + » 

thickness t. 

The above law being admitted, let us suppQse that the interior radius of the cylinder, and the 
pressure a square inch on the surface are given, and let it be required to determine tlie thickuess 
such that the strain and resistance may be in equilibrio. 

f i c r t 

Here it is manifest that the greatest strain the thiokneas — -— - can resist is , and the 

r T" » r -^ * 

strain to which it is actually exposed is n r; consequently, when these are equal, we have 

C T t 

nr == — — -- ; from which, by expunging the conmion factor r, we get 
r + t 

If this value of n be compared with its respective values as indicated in the equations [D] pre- 
ceding, we shall have the following expressions for the thickness of metal in the cylinder to resist 
any pressure, while the elastic power ox the material remains perfect, namely ; — 

_ 'Pjr _ pr d < — «> r 

" -TSMcD*"^?' -7854 0(^-1)' ^ " •TSMcJ'-w' 

Therefore, if for c in each of the preceding expressions we substitute its value as determined 
by experiment, and which for cast iron, acconling to Dr. Bobison, is 16648 lbs. avoirdupois upon 
a square inch, then we shall have 

Pr 

'~13076D«-P' ^ 

* = 13(y76^d^^' "^^^ 

« = !^_. [H] 

13076 8« - w '■ ■' 

Where the eonstant nnmber 18076 = 16648 x *7854. 

The following example will illustrate the use of these equations* the value of t the thickness 
of the metal coming out the same bv each. 

Ex, 13. — ^What must be the thicKness of metal in the cylinder of a hydrostatic press to resist 
a pressure of 80000 lbs., the diameter of the cylinder being 5 in., that of the forcing pump 1 in., 
and of the safety-valve ^ of an inch, being the same dimensions which we have employed in th^ 
preceding examples ? 

Here we have given P = 80000 lbs. ; D = 5 in. ; and consequently, r = 2} in. ; therefore, by 

substitution, equation [F] gives t = — -i — tg^^igux ~ '^^ ^^-i ^^Z Bomething more than 

13076 X o— 30000 

^ of an inch. 

In order that the entire pressure on the piston of the cylinder may be equal to 80000 lbs. ac- 
cording to the conditions of the question, the force with which the plunger of the forcing pump 
descends must be equal to 12Q0 lbs. ; therefore by equation [Q] we have 

1200 X 2i „^„ , ^^ , . 

* "= 18076 xl«- 1200 = '^ ^ *^^ same as before. 

Again, in order that the entire pressure may be equal to 30000 lbs., the weight upon the safety- 

75 X 2i 
valve must be 75 lbs.; hence from equation [H] we obtain i = ^ ~ '25« — 75 ~ ^^ "^' 

the same as in the two oases foregoing;. 

It may not be improper here to remark, that although the requisite thickness of metal is alike 
assignable firom either of the above equations, when the respective pressure and diameters are 
known, yet it is the first of the class only, or that marked [F], which beoomes available in practice, 
and for this reason, that the power of the press, or the aggregate pressure which it is capable of 
exdtinfl^, is known a vriori, or immediately assignable from the conditions of construction, while 
the load upon the safety-valve, and the force with which the plunger descends, have each to be 
determined by calculations founded on circumstances connected with the aggregate or ultimate 
pressure. 

Referring to equation [E], which has been purposely investigated for expressing the intensity 
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of prosstiTe on a square inch of surface, and multiplying both sides by r 4- <, the denominator of 
the fraction, we shall have nr + nt^ct^ fh)m which, by transposing and collecting the tdrms, 
we get {c ^ n)t = nr; then by division, the value of ^, or the thickness of metal in the oylioder 
to withstand the pressure, becomes 

<= [K] 

From which it appears, that if a constant value adapted to practical purposes can be assigned 
to n, the rule for odculating the thickness of metal in tlie cylinder will beoomB* exceedingly 

simple. 

Mow, it has been remarked by several eminent practical engineers, as well as bv the most 
approved and intelligent manufacturers, that tlie extreme pressure on a square inch of the piston 
should never exceed half the cohesive power of the material ; but, according to Dr. Bobison, the 
cohesive power of cast iron of a medium quality is equal to 16iS48 lbs. ; hence we have 

16648 ^^, ,, 
n = —-— = 8324 lbs. ; 

^ therefore, if 8324 lbs. be adopted as the limit of pressure upon a square inch of surface, the fore- 

8324 r 
going value of t becomes i = -^^^ _ ^^^ = r. There is no occasion to limit the pressure to 

the piston only, since everv square inch of surface in contact with the fluid sustains the same 
pressure. This limitation has frequently caused a misapprehension respecting the mode of ascer- 
taining the pressure on an inch of surface. 

Consequently, in order that the strain produced by the pressure may not exceed the elastie 
power of the material, 

Tke thickness of metal ought never to be less than the interior radius of the cylinder. 

By the first equation of class [D] it has been shown that the pressure on a square inch of 

P 

the piston in lbs. avoirdupois is n = , or by substituting the foregoing valne of fi, it is 

p 

8324 = -; from which, by multiplication, we obtain 8324 x *7854D3 .p. bat in order 

to express the pressure in tons, it is 

Therefore, when the diameter of the cylinder is given, the entire prearare in tons is determined 
by the following very simple rule. 

Bulb. — Multiply the square of the diameter m inches by the constant number 2 '9186, and the product 
vjUI be the pressure m tons. 

And again, when the pressure in tons is given, the diameter of the cylinder may be deter- 
mined by reversing the process, or by the following rule. 

Bulb. — Divide the given pressure m tons by the ounstant number 2*9186, and extract the square root 
of tfte quotient, for the diameter of the cylinder in inches. 

The preceding theory, as we have developed it, unfolds every particular connected with the 
hydrostatic press, and by paying proper att^tion to the equations, rules, and examples, as we 
have delivered them, every difficulty attending the construction of the instrument will be 
removed ; to practical persons, however, that part of the theory exhibited in the equations marked 
[K] and [L] will be found the most valuaole, as they do the more immediately contain the 
particulars which direct their operations. The following examples will prove the truth of these 
remarks. 

Ex, 14. — ^The diameter of the cylinder in a hydrostatic press is 10 in. ; what is its power, or 
what pressure does it transmit ? 

Here by the first rule above, we have P = 10' x 2*9186 = 291 * 86 tons. 

A!r. 15. — What is the diameter, and what the thickness of metal, in a press of 800 tons 
power? 

By the second rule above, we have D* = 300 -i- 2*9186 = 102*81 nearly; therefore, by 

extracting the square root, we obtain D '= ^102*81 = 10*13 in. ; consequently, according to the 
remark under the eouation [K], the thickness of metal is ^ = 10*13 h- 2 = 5*065 in. 

The rules by wnich the preceding examples have been resolved were very nearly, but not 
precisely, the same as those employed by Joseph and Timothy Bramah in the construction of their 
excellent presses ; the only difference, however, consists in their assuming a higher number as the 
limit of pressure, the standard which they employed being 8556 lbs. upon a square inch of the piston, 
thereby indicating that they reckoned on a mgher cohesive power in the material than that which 
we have adopted as the basis of our theory. 

Mow, 8556 lbs. on a square inch is eouivalent to 6619*8824 lbs. upon a circular inch ; whereas 
the constant which we have chosen is only 6537*6696 lbs., being a difference of 82*2128 lbs. upon 
the circular inch, a difference that need not be regarded in practice, as the error will always fiUl 
on the side of safety, giving a smaller power to the press than it really possesses. 

It sometimes, ind^d it very frequentlv, happens that presses are constructed without any 
attention being paid to the relation which subdsts between the strength of the parts and the 
strain which they have to resist ; in all such cases, therefore, it may be interesting to possess a 
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rale by which the merits or demerits of « press so construoted can be ascertained, for in this 

way a failure in the bistnunent may be prevented, and a remedy applied to any defect that 

may exist. 

Now, aooozding to the first equation of class [D], the pressure upon a square inch is 

P ct 

n = , and according to equation [E], i* is n = — — ; therefore, by comparison, we have 

P ct 

n» ^ , . ; consequently, by multiplying and substituting the oohesiYe power of cast iron, 

we have (« + r) P = ld076D« f. 

Let 4 r> be substituted in this equation instead of D', its equivalent, and we shall obtain 

52304 f* t 23 * 35 r* ^ 
(* + r) P = 52304 r« t ; consequently the pressure in tons is P = ^-.^, ~- — r = -77— — r- . 

22w (t •{- r) (* + **} 

From which it appears, that by knowing the interior radius of the cylinder and the thickness 
of the metal, the power of the press can ^tsily be ascertained ; the following is the rule for that 
purpose. 

BuLE. — Multiply 23*85 times the thickness of metal by the square of the radius of the cylinder, and 
divide the product by the radius plus the tfiickness of metal, and the quotient will give the power of tlte 
press in tons, 

Em, 16. — A hydrostatic press is so constructed as to have the interior radius of its cylinder 

equal to 3 in., and the thiclmess of metal 4 in. ; now this press is designed for packing flax, and is 

estimated to stand a pressure of 180 tons ; query if its power is not overrated ? 

23*35 X 3' X 4 
According to the above rule, it is P = IT"© = 120*08 tons; consequently the 

power of the press is overrated by about 60 tons, being one-third less than the estimated pressure 
according to the question. 

The thickness of metal necessary to resist a pressure of 180 tons, or 403200 lbs., is equal to 
17*9 in. nearlv, and the proposed thickness is only 4 in., being less than one-fourih of the 
thickness which is really necessary to rcBlst the strain ; hence we infer that the press in its 
present state is entirely unfitted for its intended purpose, and altogethw inconsistent with safety 
and precision of operation. 

The hydrostatic press, in its present state of improvement, is a machine that is capable of 
generating and transmitting a greater degree of force, for the purpose of overcoming immense 
resistances, and raising enormous loads to a small height, than any other instrument or engine 
with which we are acquainted ,* it is therefore of the highest importance that the principles of its 
construction and the mode of operation should be rightly understood, and in order to rt^nder the 
subject as clear and intelligible as possible, we think proper to lay before our readers the following 
detailed description 

The woodcut, Fig. 4170, exhibits an elevation of the press in its complete state, accompanied by 
the forcing pump and all its appurtenances as fitted up for inmiediate action. F is a strong 
metallic cylinder of cast iron, or some other 

material of sufficient density to prevent the ""^^^ 

fluid from issuing through its pores, and of 
sufficient strength to preclude the possibility 
of rupture, by reason of the immense pressure 
which it is destined to withstand. 

The cylinder F is bored and polished with 
the most sorapulous precision, and fitted with 
the movable piston D, which is rendered per- 
fectly water-tight, by means of leather collars 
constructed for the purpose, and fixed in the 
cylinder by a simple out ingenious contrivance 
to be described hereafter. 

Into this side or bese of the cylinder F, the 
end of a small tube 6 6 6 is inserted, and by this 
tube the water is conveyed or forced into the 
cylinder ; the other end of the tube is attachea 
to the foroing pump^ as represented in the 
diagram. 

A A are two very strong upright bars, ^ '1 '' 
generally made of wrouglit iron, and of any 
form whatever, corresponding to the notches in the sides of the fiat table E, which is fixed 
upon the end of the piston D, and by workmen is usually denominated the follower or pressing 
table. 

- ^ ?i!?? *°P °^. *^® ^"""^ *"*^ which the upright bars A A are fixed, and ec is the bottom 
thereof, both of which are made of oast, in preference to wrought, iron, being both cheaper and more 
««ily moulded into the intended form. 

The bottom of the frame cc is furnished with four projections or lobes, with dreulai per- 
forations, for the purpose of fastening it by iron bolts to the massive blocks of wood, whose 
transverse sections are shown at G G. The top B has two similar perforations, through which 
^ passed the upper extremities of the veriical bars A A, and there made fast, by screwing down 
tne cup-nuts represented at a and a. 

Fig. 4171 represents the pkn of the top, or as it is more frequently termed, the head of the 
frame ; the lower side or sur&ce of which is made perfectly smooth, in order to correspond with, 
and apply to the upper surface of the pressing table E in Fig. 4170 ; this correspondence of surfaces 
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becomes peoeasary on certain oocasiona, ench as the copying of prints, taking fac-similes of letters, 
and the like; in all snch cases it is manifest that smooth and coincident surfaces are indispensable 
for the purpose of obtaining true impressions. 

Fig. 4171 represents the upper side of the block, where it is evident that the middle part B 
(through whose rounded extremities a and a the circular perforations are made for reoeivinir the 
upright bars or rods A A, Fig. 4170) is ^ 

considerably thicker than the parts on *171. 4173. 

each side of it; this augmentation of 
thickness is necessary to resist the im- 
mense strain that comes upon it in that 
part ; for although the pressure may be (z(o 
equally distributed throughout the entire 
surface, yet it is obvious that the me- 
olianical resistance to fracture must prin« 
cipally arise from that part which is 
subjected to the reaction of the upright 
bars. 

Fig. 4172 represents the plan of the 
base or bottom of the frame ; it is gene- 
rally made of uniform thickness, and of c(o 
sufficient strength to withstand the pre»- ^ 
sure, for be it understood that all the 
parts of the machine are subjected to 
the same quantity of strain, although it 
is exerted in different ways. The up- 
right bars, cylinders, and connecting 
tubes, resist by tension, the pistons by 
compression, and the pressing table, to- 
gether with the top and bottom of the 
frame, resist transversely. 

The oiroular perforations cc corre- 
spond to a a in the top of the frame, and 
receive the upright bars in the same 
manner ; the perforations dddd receive the screw-bolts which fix the frame to the beams of timber 
represented at GG, Fig. 4170; the large perforation F receives the cvlinder, the upper extremity 
of which is furnished with a flange, for the purpose of fitting the cireular swell around the perfora- 
tion, and preventing it from moving backwards during the operation of the instrument. 

A side view of the engine is represented in Fig. 4178, where the same letters of the alphabet 
refer to the same parts of the structure. 

¥ is the cylinder into which the fluid is injected ; D, the piston, on whose summit is the pressing 
table E ; A, one of the upright rods or bars of malleable iron ; B, the head of the press, fixed to the 
upright bar A by means of the cup-nut a ; c, the bottom, in which the upright bar is similarly fixed ; 
and G a beam of timber supporting the frame with all its appendages. 

But the hydrostatic press, as here described and constructed, must not be considered as fit for 
immediate action ; for it is manifestly impossible to bore the interior of the cylmder so truly, and 
to turn the piston with so much precision, as to prevent the escape of water between their surfaces, 
without increasing the friction to such a degree that it would require a very great force to 
counterbalance it. 

In order therefore to render the piston water-tight, and to prevent as much as possible the 
increase of friction, recourse must be had to other principles, which we now proceed to explain. 

The piston D is surrounded by a collar of pump-leather 0, represented in Fi^. 4174, which 
collar bemg doubled up, so as in some measure to resemble a lesser cup placed withm a greater, it 
is fitted into a cell maae for its reception in the interior of tbe cylinder ; and when there, the two 
parts are prevented from coming together bv means of the copper ring pp, represents in 
Fig. 4175, oeing inserted between the folds, and retained in its place by a lodgment made for that 
purpose on the interior of the cylinder. 

The leather collar, first arranged in its present form by Benjamin Hick, is kept down by means 
of a brass or bell-metal ring mm, Fig. 4176, which ring is received into a recess formed round the 
interior of the cylinder, and the cireular aperture is fitttil to admit the piston T) to pass through 
it, without materially increasing the effects of friction, which ought to be avoided as much as 
possible. 

The leather is thus confined in a cell, with the edge of the inner fold applied to the piston D, 
while the edge of the outer fold Ib in contact with the cylinder all around its interior ciroum- 
feronce ; in this situation the pressure of the water acting hetween the folds of the leather, forces 
the edges into close contact with both the cylinder and piston, and renders the whole water-tight ; 
for if the leather be properly constructed and rightly fitted into its place, it is almost impossible 
that any of the fluid can escape ; for the greater the pressure Uie closer will the leather be applied 
to both tbe piston and the cylinder. 

The metal ring m m is truly turned in a lathe, and the cavity in which it is placed is formed 
with the same geometrical accuracy ; but in order to fix it in its cell it is out into five pieces by a 
very fine saw, as represented by the lines in the diagram, which are drawn across the surface of the 
ring. The four segmente which radiate to the centre are put in first, then the segment formed by 
the parallel kerfs (the copper ring pp and the leather ooUar 00 being previously introduced), and 
lastly, the piston which carrieB the pressing table. 

That part of the cylinder above the ring m m where tbe inner surface is not in oontect with the 
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piston is filled with tow or some other soft material of a similar natuie ; the material thua iDserted 
has a twofold use; in the first place, when saturated with sweet oil, it diminishes the friotion that 
necessarily arises when the piston is forced through the ring m m ; and in the second pbee, it 
prevents the admission of any extraneous substance which might increase the friotion or injure the 
surface of the piston, and otherwise lessen the effects of the machine. 

The packing here alluded to is confined by a thin metallic annulus, neatly fitted and fixed on 
the top of the cylinder, the circular orifice bemg of sufficient diameter to admit of a free and easy 
motion to the piston. 

If a cylinder thus furnished with its several appendages be placed in the frame, and the whole 
firmly screwed together, and connected with the forcing pump, as represented in Fig. 4170, the 
press is completed and ready for immediate use ; but in order to render the construction still more 
explicit and intelligible, and to show the method of connecting the press to the forcing pump, let 
Fig. 4177 represent a section of the cylinder with all its furniture, and a small portion of the tube 
immediately adjoining, by which the connection is effected. 

Then is F F the OTlinier ; D, the piston ; the unshaded parts oo the leather collar, in the folds 
of which is placed the copper ring p|9, distinctly seen but not marked in the figure; mm is the 
metal ring by which the leather collar is retained in its place ; ^jf ^ 

n n, the thin plate of oopi>er or other metal fitted to the top of 
the cylinder, Detween which and the plate m m is seen the soft 
packing of tow, which we have described above, as perform- 
ing the double capacity of oiling the piston and preventing 
its derangement. 

The combination at to d? represents the method of connect- 
ing the injecting tube to the cylinder ; it may be readily 
understood by inspecting the figure ; but in order to remove 
all causes of obscurity it may be explained in the following 
manner. 

The end of the pipe or tube, which ia generally made of 
copper, has a projecting piece or socket flange soldered or 
screwed upon it, which fits into a perforation in the side or 
base of the cylinder, according to the fancy of the projector, bat in the figure before us the perfora- 
tion is in the side. 

The tube thus furnished is forcibly pressed into its seat by a hollow screw tc, called a union 
screw, which fits into another screw of equal thread made in the cavity of the cylinder ; the joint is 
made water-tight by means of a collar of leather, interposed between the end of the tube and the 
bottom of the cavity. 

A similar mode of connection is employed in fiustening the tube to the forcing pump, the 
description of which, although it constitutes an important portion of the apparatus, does not 
properly belong to this place ; the principles of its conbtruction and mode of action must therefore 
be supposed as known, until we come to treat of the construction and operation of piunps in 
general. 

Admitting therefore that the action of the forcing pump is understood, it only now remains to 
explain tlie nature of its operation in connection wHh the hydrostatic press, the construction of 
which we have so copiously exemplified. 

In order to understand the operation of the press, we must conceive the piston D, Fig. 4170, as 
being at its lowest possible position in the cylinder, and the body or substance to be pressed placed 
upon the crown or pressing table E ; then it is manifest that if water be forced along the tube 666 
by means of the forcing pump, it will enter the chamber of the cylinder F immediately beneath the 
piston D, and cause it to rise a distance proportioned to the quantity of fiuid that has been 
injected, and vrith a force determinable by the ratio between the square of the diameter of the 
cylinder and that of the forcing pump. The piston thus ascending carries its crown, and conse- 
quently the load along with it, and by repeating the operation more water is injected, and the 
piston continues to ascend till the body comes into contact with the h^ of the frame B, when the 
pressure begins ; thus it ia manifest that by continuing the process the pressure may be carried to 
any extent at pleasure ; but we have already stated, in developing the theorv, that there are limits 
beyond which, with a given bore and a given thickness of metal, it would be unsafe to continue 
the strain. 

When the press has performed its office, and it becomes necessary ^to relieve the action, the dis- 
charging valve placed in the furniture of tiie forcing pump must be opened, which will admit the 
water iA escape out of the cylinder and return to the cistern, while the table and piston, by means 
of their own weight, return to their original position. 

Friction of the Collar. — ^There had long been a lack of trustworthy information on the friction of 
the leather collars in hydraulic presses, until John Hick, G.E., of bolton, carried out a series of 
valuable experiments, which furnished the following results ; — 

The friction increases as the pressure increases. 

The friction of the leathers for rams of different diameters, if the pressure to the unit of area be 
the same, increases in direct proportion with the diameters, or with tne square roots of the respeo- 
tivegross loads. 

The depth of the leather does not affect the friction on the ram. In several of the experiments 
the leathers were cut after the first trial to half the depth, and after the second trial to one-quarter 
the original depth, and the results, in all three cases, were practically the same. This led to the 
belief that the water pressing against the sides of the ram produces a friction equal to that pro- 
duced by the leather to the unit of area acted upon by the water. New cylinders were therefore 
tried, in which double the len^h of ram was opposed to the pressure, and the friction was again 
the same. It Is thus evident that tl.e depth of the leather and the length of ram in the cylinder 
have very little, or practically no infiuence on the total friction. In fact, it appears that the 
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whole fiiction la pnxliicad just vliere tlie Icsthei tanetget from the hollowed part or the gtam« 
ud begina to l«in against the ram. 

The eipeiiments mada with leathor oollara for a ram 4 in. in diameter, the leather being 
quite new and stiff and Bpanoglj lubricated, ahow the greatest friction to fa« I '55 per cent, ot the 
preamre on the area of 12-S(; aq. in- and the amallest fnelinu aa 1'07 per cent. If ws 
take 1 - 5 per cent, for a 4-in. ram nnder theaa nnfaTonntble oircnnistanoes, we are qnite on the safe 
ride. Fortj-eight eipeiimenta made with leather collars ased before, and well Inbricated, give 
anavemge fVictiun of 72 per cent, of the preasnre on a ram of i in. diameter. Iix some of these 
experiments the friction was as high aa 1 per cent, in othen aa low aa ' 5 per oenL, the Tariatiooa 
bemgO'5 per oeut 

Tlilrty-foDr experimenta with a ram 6 in. diameter ihow the fWotion to be, on an avenge, 
yi.onE — — t „J .!.» »»_.,.. ™ •»,= _..» «(■ sn.oB _ 1., i^, ggnjg gi these ezperimeDts 

aa low as 0-26, the Tarlationa 



the friction waa as high aa 0'52 per cent, whilst in oUiers it w 
beine only about oue-fooith per cent. 

If we tbeiefore take the fiictiim of leatlior oollan for hjdraQlio presses, or other hydraolio 
machiner; in good working condition, aa 1 percent, for ramaof i in. diameter, or aa O'S percent, 
for rsms.of 8 in. diameter, we ma; be oertain tliat this will meet the generelit; of caam. 

From the experimenta is dadnoed the following formnia ;— F = D x P x r, in which F = total 
friction of leather oollar ; D = diameter of ram in inehea ; P = preamra to the square inch ; = a 
coefficienf ; G = 0-0471 if leathers new or badlj lubrioated: = 0314 If leatlins in good 
condition and well labrioated. Where the presonre ia given to the dronlar inch the formnia 
becomes;— F = D x Ps x Oi, in which F = total friction of leather coUnr: D = diameter of ram 
in incbea; Pa = pceaaore to the circular inch; Cu = a ooeffioient; C, = O'OU if spajinglj 
Inbricated; C, = 0-04 if weU lubricated. 

It may be well to seleot an example or two, In order to render the foregoing perfeotl; clear. 

Fmt Exumplc—The friction of a leather oollar of a 12-in. tnm with a prwsure of 5000 Iba. to 
the square inch ;— F = 12 x 5000 x 00314 = 1884 lbs. if well lubricated. The total pieamre od 
a 12-in. ram is = 113 X 5000 = 565000 lbs. ; and the Motion, aa found above, 1884 -i- 565000 = 
' 0033, or one-third per cent 

Second Eiamplt. — The friellon of the leather of a 9-iu. lam, with 6500 lbs. preMore to the 
cininlar Inch; — F = S x 6500 x 004 = 1300 lbs. The total preaauie on the 5-in. ram = 
25 X 6500 = 162500 Iba. ; and the Motion, aa found above, 1800 + 162500 = O'OOS, or eighttentha 
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Portable Rydnmlie Prts$. — Fig. 4178 Bhows ft section of an InpiOTed hydranlio htind-ptem, by 
OwynuB and Co., Easei Street Woika, Loodon. Thia pieis cao be tued for eipreasiag oil ttom 
liofleed, rape, cotton, coha, 

poppy, Of other looda, and JB *'"• 

a very convenient arrange- 
aent, well suited for Inditt 
and tlie colooies. The ma- 
chine oonBistt of a cylinder 
7 ia. diameter, with l-ioob 
ram. On the top of the ram 
la cast a receiver with a lip, 
into which tha oil rung after 
being preraed out of the seei la. 
The top of the ram U Blao 
fitted with an airangement 
for taking two boiea ; mndl 
time is thus saved by filling 
one while the other la under 
pressure. 

The ram fa worked by & 
small hydraulic pump of 
gun-metal, fitted ou to the 
tank, which abo forma the 
baseof tha press. The pump 
is fitted with pressure-gauga 
and self-aotinr safety-Talre ; 
tha lever handle la made in 
two pieoes for oonveuienoe 
of travelliDg, aud the miv 
rhine ia rendered poitablo 



handle. The weight of tha 
whole fa about 16 owt. ; It will gi 
prosa about 1} bushel of seed an hi 
J^^^"^: — ^ hydrant ia a pipe 



3 a preamre of about 60 tona, and, with one preaa-box, will 



> , ., .- --J r-r Boaai at whioh water may be drawn from the maina of an 

Muoduct ; It IS, in [act, a luga walor-plug. Fig. 4179 is a section of one of the hydranta uaed in 
ine oily ol Urookljm, U.S. Upwatda of eight hundred bydntnta are in nse in that city, distributed 
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OTer 120 mile* of pipea. Althimgh the diamster of Uieae pipes varied bom 6 to 36 in., 4-iD pipes 
were excluaively iukkI to onnnect the hjidrants with tbe etieut pipea. 

Fig. 4IS0 relates to b simplj-conBtnicted h;drant iriTented by Win. Keamej, Uoinn Township, 
N.J. AB ia the cose; O. a hiding disc-TalTe perforated at S; F, screv stem; H, the nozzle; 




J, duchsTEe-pipe ; >l TalTe-iod r G m, snpplf-ptpe. The Talve O is opented b; meAUS oF the 
eorew stem, i*bloh admits tlie water, while n earitj on the lower edge opens a commoiiicalioii 
between the dischaige and waste pipes. 

See Ara-CHAMBBii. Cbowbah. DiuiRAOk. Enoihi^ VARiETiEa or. PuMrs un> PimpiNa 
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WorJa rtlating to Eydraalia and HydrauliB MachiMs : — < Baccolta d'Aotori che trattano del moto 
dell'aoqne,' B vola, 4to. Firenze, 1765-70. Boeaut (C), 'Treitd Thfcrique et £ip£rimeDtala 
d'HydrodjnamiquB,' 2 yola., 8to, Paria, 1796, Dabnat, ' Prinoipes d'Hjrdrauliqne,' 3 voIb., Svo, 
Paru, 1B16. ' HjdrddjiiiBmicB,' from the ' EncjclopBdia Metropolitans,' 4to, 1829. Foncelet et 
LeebroB, > EipMeacea HvdnuJiqDeB sur 1m Lois de rflooulemeot dea Eanx,' 4to, 1832. Jamieaan 
(A.), 'Meohanios of Fluids for practical Men," 8to, 1837. Moseley (H.), ' Treatise on Hjdroatatira 
■nd Hydiodynaraic«s' 8vo, 1847. Boileau(P.), "Traite de la Mesure des Eaui Courantes,' 41o, 1S54. 
Ewbaiib (T.), ' DeseriptiTB and Historical Aeoount of Hjdraulio Machinea,' 8to, New York, 185ti. 
D'Arcy (H.). ' Recharcliea Eipirinietitales relativea aa Mouyement dn I'Eau daoa lea Tayani,' 
2 vols 4to, 1857. D'Aubaiason de Voisios, 'Treatise on Hjdraulioa,' tranalated by J. Bennett, 
royal 8TO, New Yort 1858. Neyille (J.), 'Hydraulic Tables,' 8vo, 1860. Downing (C), 'Elements 
of Practical Hydranlica,' Pvo, 1661. Beardmore (N.), 'Manual of Hydrology,' 8vo, 1BB2. Dupuit 
(J.) ■fitade8Tli&iriqueBetPratiqueaBUrIeMouTeinentde»EaQi,'4lo, 18(33. Morin ( A.). ' Maohinea 
et AppareilB dastin* a I'filevation des Eaui,' 8to, 1863. Morin (A.), ' Hydraulique,' e?D, 1865- 
D'Aroy et Bazin, ' Becherches Hydrauliqnea,' 4 vola.. *to, 1865-66. FrMOis (J. B.), • Lowell 
Hydraulic Eiperimenta," 4to. New York, 1868. Box (T.), ' Practical Hydraaliis," arown Stc^ 1870. 
Cullen(W.) 'On the Turbine," 4to, 1871. Armengand, aini, ' Traite dea Moteuts Hydrauliquea,' 
2 Tola ito, Paris. See also Bganrin, ' Gouts de ConstruotioD ; ' Bobison'a ' Meobanical rhiloaophy ; * 
Prechtl, • Technologisoha EncyklofAdie,' article " Hydranlio ; ' Wiesbach, ' Lehrbnch der Ingenieur ' 
(diapter on Hydraulios), Brunawick, 1863. 

HYDROMETEB. Fb,, Hydnmitn; Geo., Bydrometer ; Ital, linmetro; Sfak., Eidnhattro. 

See SlOOHASOHBTKK. 

HYGBOMETER. Pa., Hygnmitrt; Gbb., Bygmmeter; Ital., Igromttro; Spui., HignSmOro. 

A hygrometer is an instrument for measuring the degree of moistnre of the atmoaphere. It 
la principally used for meteorologtoal purposes, but it is also of great 

Borvioo in determining the degree of hamidity of the air in certain *i*i. 

manufaotoiiea and in conservatoriea. The form of the instrument 
employed for this pnrposa ia known as Mason's Dry- and Wet-Butb 
Thermometer, Pig. 4181, which conaista of two thermomeleis, as nearly 
aa possible identi^, the one marked dry, the other wet. The bulbof ibe 
wet thennometer is cohered with thin muslin, round the neck of which 
and oVer the muslin is twisted loosely, or tied in a loose knot, a con- 
ducting thread of lanip-wiok, oommon darning-cotton, or fioas silk ; this 
paasea to an adjacent vessel of water placed at anch a distance as to 
allow a length of conducting tbtead of about three inches. The reaer- 
Toir of water aboald be placed on one aide and a little beneath, to that 
eraporatio-i from the water may not affect the reading of the dry bulb 
by its too near vicinity. Before use, the cotton lamp-wick should be 
washed in a solotlon of oarbonate of soda, and preaeed whilst under 
water throughimt its length. In nse it should be of such extent that 
the water conveyed be sufficient in qnantity to keep the ntnslin on the 
bnlb as moist as when the sir is asinratcd with vapour. The amount of 
water supplied can be iocressed or diminished by increasing or decresBing 
the extent of the oondnoting thread. The temperatures of tbe air and 
of evaporation are given by tbe readings of tbe two thennometets. 

lOE-MAKINO MACHINE. Fa^ On^tlateur; Gsr, EwnaicSine; 
Ital-j MaxMna da far ghiaccio. 

lee acts ss s cooling agent in virtue of the physlcsl bet that, in 
common with all solid sobebuiae*, it requites an expenditure of best for 
its conversion into tbe liquid state. The he«t thus applied does not pro- 
duce any elevation of temperaturo, but as the ice melts it disappeera, 
BO far aa the indications of tbe thermometer will allow, and theie remaiiia 
a quantity of water of tlia same temperature as the ioe itself. Thus 
when ioB or anow ia mixed witb three-fourtha its weight of boiling water, 
the water remsining after the ice baa melted haa a tnnperatm of 
82° Pahr., the aame aa the ice Itself ; the quantity of heat in the boiling 
water, oorresponding to tbe interval of temperature between 82° and 
212° Faht., bsving been rendered latent, or expendtd in effecting the 
liquefaction of tbe ioe. It ia in thia way that ice cools water, air, oi 
•oy other substance it is broOKbt in contact vrith wliich has a tempera- 
ture higher than 8'2° Fshr. Hence refHgeration is simply a msnipola- 
tion of heat. It is an operation in thia respect perfectly analogous to 
tlie prodnction of a high temperature, in so ur as both pmrimni oonaist 
in tbe transfer of beat from one substanco to another, sod are aabject 

to tbe same general lawa. Thej are, however, reverse ptooeeses. ^DB k 

ill gunerating steam, heat prodnoed by the oombustion of fuel Is rom- \ 

municated to water. In muting ice, on the contrary, heat is sbsttBCted / 

from wslei, and in tbis process tbe water which is cooled oorreHponda 

to tbe fuel burnt in generating steam, or in converting any otlier aabstance into vaponr. Jost in 
the tame way that tbe foel in banting yields its beat to the substance vaporized, to does the water, 
in making ice, yield its heat to some other substance capable of reviving it. 

This is tlie nature of tba work to be done in rosking ice, and it is now necMsary to consider the 
amount of that work reqoliite for producing a given quantity of iee. 

Water at tbe temperature of 6ff' Fatir. contaioa an amount of heat greater than that contained 
in aa eqnal weight of in> at 82° Fabr. to the extent of 17065 beat units fur eaeb pound, oao.- 
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aequently to oonvert water at GOP Fahi. into ioe, it la necesaary to abstract that amount of heot 
from it. Tims to produoe a ton of ioe tlie quantity of heat to be abstracted from water at GOP Fahr. 
amounts to 

Heat nnits. Iba. 
882256 = 2240 X 170*65. 

This is a quantity of heat not more than about one-eightieth part of that capable of being 
generated by the combustion of a ton of ordinary coal. 

The means by which this amount of heat may be abstracted from water consist in producing 
some physical change involving an expenditure of heat, and doing this in such a way that the 
heat required for, and applied to tiiat purpose, is abstracted from the water to be cooled and 
frozen. The conversion of any substance into vapour is a change of this kind, which involves an 
expenditure of heat similar to that taking place m the melting of ice. The amounts of heat thus 
absorbed by various substances in vaporizing are as follows ; — 

Latent beat a lb. . „» k»pi»« 

Heatunlta. Aatbortty. 

Water 966*1 .. .. Begnault. 

Liqtdd ammonia 900*0 Favre and Bilbermann. 

Alcohol 864*3\ a«^^«. 

Ether 162*8/ " " Anorews. 

The amount of heat thus disposed of and rendered latent in the fd!nnation of steam from water 
is considerably greater than that existing in the latent condition in liquid water, or, what amounts 
to the same thing, that expended in melting ice ; but the vaporization of water cannot be applied 
as a means of refrigeration to any great extent, because under the ordinary atmospheric pressure 
it does not take place readily or with sufficient rapidity at temperatures much below the normal 
boiling-point, or 212^ Fahr., and even when the pressure is removed by means of an air-pump, the 
vaporization of water prooeeds very slowly at low temperatures. There ue. however, other 
substances which vaporize readily under these conditions ; and, for thisxeasen^they are specially 
suited for artificial refrigeration, although the amounts of heat expenSed and rendered latent in 
their vaporization are leas than in the case of water. Ether, alcohol, and liquid ammonia are 
substances of this kind ; and. according to the foregoing data, expressing the utent heat of their 
vapours, the quantities of eaon of these substances which would have to oe vaporized, in order to 
produoe a ton of ice from water at 60^ Fahr., or to produoe a refrigeration equivalent to the 

melting of a ton of ice, would be ; — 

Mm. 

Ether 2848009 

Alcohol 1049*272 

Liquid ammonia 424*72^ 

From this comparison it will be seen that the expenditure of heat accompanying the vaporiza- 
tion of liquid ammonia is much greater than it is in the case of alcohol or ether, and that in this 
respect it is the most powerful as a refrigerating a^ent. But the amount of heat rendered latent 
in the vaporization of any substance is not the chief point which determines its efficiency as a 
refrigeratmg agent The degree of fooility with which a substance vaporizes at low temperatures 
is of still greater importance, as will be evident from the following Table, which gives the tension 
of the vapours at oifferent temperatures below the boiling-points of the liquids under normal 
atmospheric pressure. 



Nonnal Bolling^polBt 



Tension of 
vapour in 
inches of] _ 
merouryatl _^ 



Fahr. 

104 

68 

50 

32 

i 

40 
109 



JknuDonia. 



28° 



Indien 
463*64 
254 
181 
124 

55 

20 
9 



61 
58 
52 
08 
81 
45 



Ether. 



AIcoboL 



Water. 



95° 



Incbca. 
85*81 
17*06 
11*28 
7*22 
2*66 



172° 



incfaea. 



5 
1 



26 
75 
96 
50 
13 



212° F. 



Indiea. 

2*16 
•68 
•36 
•18 



Since the tension of a vapour at any temperature is the measure of the facility with which the 
liquid evaporates at that temperature, it will oe seen from the data in this Table that in this respect 
there is a very considerable difference between the liquids there named. Here, again, the cha- 
racters of liquid ammonia are such as to give it a marked precedence over all the other liquids, as 
a refrigerating agent, by reason of its relative capability of vaporizing at very low temperatures. 
This substance is in fact gaseous under normal pressure, within the ordinary range of atmospheric 
temperature^ tiie boiling of the b'qnid b^g many deg^rees below the zero of Fahrenheit's scale ; 
and at ordinary temperatures it requiies a pressure of from eight to ten atmospheres — 117 to 150 lbs. 
a square inch — ^to maintain it in the Uquid state. 

Alcohol, although it has a greater capability than ether of absorbing heat in vaporizing, is still 
inferior to ether as a refrigeratmg agent, on account of its being much less readily vaporized at low 
temperatures : and even ether evaporates so slowly at temperatures much below its normal boiling* 
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point, that it can be used for refrigerating only with the aid of an air-pump to maintain the requi- 
site rate of vaporization. 

Liquid ammonia is therefore by far the most efficient material to use for this purpose, not only 
on aooount of its ready vaporization at low temperatures, but also because its power of absorbing 
heat in that change is but little inferior to that of water. 

Another process, in which heat is expended and rendered latent, is the expansion of air. The 
amount of heat thus absorbed is at the rate of *069, or about ^i^th of a heat unit for each pound of 
air expanded to the extent of ' 002035, or about T^th of its volume at 82° Fahr. under normal 
pressure. If therefore air be compressed, say to one-tenth of its bulk, and, after being cooled to a 
low temperature, it be allowed to expand in such a way as to perform mechanical work, such as 
moving a piston, there is an expenditure of heat proportional to the resistance overcome and to the 
degree of expansion. Consequently the temperature of the gas is reduced dnrine the act of expan- 
sion, and this effect may be taken advantage of for purposes of refrigeration. The chief disadvan- 
tage of this method consists in the great expenditure of power requisite for compressing the air, 
which involves a large consumption of fuel. 

From what has been stated, it will be apparent that at present the choice of a refrigerating 
agent for producing ice or great degrees of cold lies between ammonia, ether, and air, and that 
ammonia presents the greatest advantages for this purpose. 

The expansion of compressed air appears to have been the means first adopted for making ice, 
by Dr. Gorrie, of America ; and in this country ether was the material employed in one of the 
earliest ice-making machines invented by Harrison, in 1856. 

The fundamental principles on which this apparatus was constructed were correct, but there 
appears to have been several serious errors made in their application, and the plan did not come 
into use in this country. The ether machine was afterwards improved by Messrs. Siebe in 1862, 
and they have since employed themselves specially to the manufacture of these ice machines. Most 
of those which have been made were for India and other hot climates, where it has been found 
more advantageous to make ice by artificial refrigeration than to import it from America, owing to 
the large amount of waste by melting during the vovage through warm latitudes. 

In the year 1860 another apparatus was invented by M. Oeurrd, of Paris, in which a very strong 
solution of ammonia was used as the refrigerating agent. The arrangements of this apparatus pro- 
vided for the condensation of the ammonia vaporized in the re&igerator, in such a way ^t it was 
used over and over again, and the operation of the apparatus waa continuous, as in the case of the 
ether machine. Fig. 4182 represents this apparatus. A strong, vertical boiler. A, is charged with 

a concentrated solution of ammonia, to which heat 
is applied imder a pressure of 100 to 185 lbs. the 
square inch, and the mixture of gaseous ammonia 
and steam produced passes off thjrough an ascend- 
ing coil of pipe, 6, attached to the upper end of 
the boiler, into a tubular condenser, D, surrounded 
by cold water, where the distillate is cooled and 
liquefied under the pressure above stated. The 
condensed liquid collects in a receiver, xr, and 
thence passes b^ the pipe e* into the refrigerator 
F at a rate which is regulated by a special con- 
trivance. 

The refrigerator F consists of a dosed vessel 

r?V=©=^ /d 1=1 T ** wit^ tubes, /, closed at the bottom and open at the 

^ I frSlBII ^P' fitting tightly into the cover, so that the liquid 

1^ lOIH ammonia surrounds them. Into these tubes cylin- 

I * I ij pwi|]|| drical vessels are placed, containing tiie water to be 



4182. 




frozen. The upper end of the refrigerator is connected by means of a pipe, G, with a vessel, H, 
within which the gaseous ammonia discharged from the refrigerator comes in contact with a con- 
tinuous supply of cold water, and is thereby abaorbed, while the solution of ammonia produced \a 
removed from the bottom of the vessel H by the pump I. In this way the gaseous ammonia is 
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remnTed from the refrigerator tnd the preaanre kept so low Ihftt the liquid fttnmonia U vaporiied 
contiDuoUHlj. thereb; BbstnictinE heat from the contents of the tobes/. 

The lolutton of •mmoDiB pmduoed in the fthsorber U u forced hj the pump I through the pipe 
b into the outer aaiag of b tubular Tenel, K, colled the regeoeistor, through the tubes of which 
hot water exhausted of ammonia Sowa in tlie uppoaite direction from the bolter A. Here an inler- 
chuige of temperature takes place, the aoltilion of ammonia becomiug heated while the exhausted 
liquor is cooled. The eolntion of ammonia thng heated then paases od into the closed vessel abore 
the boiler and containing the coil B, where it la still further healed, while the gaseous a 
and Btetun within the coil 

B are partialij oonled *'**■ 

anil condensed, and it 
then flows hy the pipe 6' 
into the boiler A, to serve 
for a repetition of the 
p^ooe8B. 

The hot liquor ex- 
bausled of ammonia 
meunwhile Qowb from 
the boiler in a regulated 
current through the pipe 
J iulo the lubes of the 
regenerator K, thence 
througli a cooling worm, 
_ nt, surrounded bjr water, 
where its temperatnre is 
sufUciently reduced, and 
then passes into the ab- 
miehing the 



supply 
solving 



of. 



This .__ 

been largely used in 
the south of France for 
eflecting the oryetaliiza- 
tion of Belts by cooling, 
and several have been 
sent out to India for 
making ice. 

In 1862 A. 0. Kirk 
Invented a machine iu 
which the alternate com- 
pression and expansion 
of air was applied as the 
means of refrigeration. 
Tbo arrangement of tbe 
machine was very good; 
but for making ioe it was 
expensive, on ttccount 
of the relatively Urge 
eipendituro of power re- 
quired. Kirk has, how- 
ever, recently introduced 
another form of his 
machine, which seems 
better adapt«d to refri- 
gerate economically. 

Fig. 4183 it « plan 
partly in horiioutal sec- 
tion, Fig. 4184 an end 
elevation partly in ver- 
tical section, of this Im- 
proved apparatus. It 
comprises two vertical 
cylindera I, 2, each 
formed in tbe same cast- 
ing, with casings con- 
taining BooesMiry spaces 
and passages, and 
mounted in an invertad 
position on frame stan- 
dariii 3 over the crank 
shaft 4, by which their 

pistons G are actuated through eonnrctioiia of 

and with a pulley 8, the letter receiving a driving belt from a oonTenient prime m 
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den 1,2, have porta Kt both ends, and one half of Fig. 1183 represents ths section as at the level of the 
loner ports, bnt onlv the port 9 oF one ojlinder I ia seen, eis the lower port of the other cylinder 2 U 
at the otliei side. From the bottom of cjlinder I the air can pass through the port 9, thence through 
a set of tubes 10 to a r^enerator II, the other aide of which communicates through a second set of 
tnb^ 12 with a spaoe 13 harinji: at its upper end a port leudiug into the top of the other cylindei 2. 
This space 19 is Tery narrow at the level of the section, bat increases in width upwards. The bottom 
of cylinder 2 eommunioatea through similar ports in Ibe rssings 14. 15, with tbe top of cylinder 1. 
The spaces croswd by the tubes 10 and those in the casing 15 are occupied and travcned by the water 
or other liqnid used to abstract heat from the compressed air, snch water entering by a pipe 16, and 
being discharged by a pipe IT, flist however being led by means of pipes 18 through spaces 19 formed 
at the outer sUes of the cylinder porta 9. A pump 20 worked by a lever 21 conneoted tooneof the 
IS ia oaed for forcing the liqnid to be cooled throngh the appantas, and this 



tubes, passing thence to the space oromed 
'■ *^'> (Hitlet-pipe 25, it being preferable to 



fiiston-rod slide-blocks 
iquid pastes iy & pipe 22 into the casing 14 eroased by tubes 
by Uie tnbea 12, and throngh pi^ 23 uid spacea 21 to the 

employ in the apparatus air which in it* moat expanded state therein is of a greater Uian a 
spherto pressure. A fbree-pnmp 26 i* ptoTided for forcing in air to oompenaate for any leakiue, 
being arranged to be worked by means of a lever conntoted to one of the piston-rod slide-bloi£i. 
The pipes for leading the air &otn the pump to the Interior of the apparatns are not ahown, but 
may be arranged in any convenient way in communicAtioa with the top and tbe bottom of either 
cylinder, provision being made aa usual for drying the air so forced in. The cylinder 2 and ^ 
parts in eonnectian with it In which the oominwiBedBit expands ore shown in Fig. 41Sla< enclosed 
In an oat«r easing 27, to prevent as far as pcaaible the commuQioabon of heat from the atmosphere, 
and the jacket space enclosed by this casing ia to be filled with any suitable non-oondnottng 
■nbatanee. 

An improved form of the ammonia a|q«ntiu, which comprises some novel features of ver^ 
great importance in regvd to the use of that material for reliigeislioD, was invented by Hr. Beece 
in 1867, The arnngemeat of this apparatus ia shown by Fig. 4185. The bailer A ia charged 



with water or a very weak solution of ammonift, and the sinun, discharged under a pressure of 
100 lbs. to the square inch, pasaea by the pipe a a to the bottom of a Cofiev's analyser B, 
consisting of a tall oolumnar Teasel with a series of plates arranged one above the other inside. 
Into the top of this vessel a concentrated solution of anunoDin is pnmped coDliouonsly, and in 
descending from plate to plate it meets the ssoending current of bigh-presaure steam, tbe effect of 
their contact being to convert the ammonta into gas, while tbe cteam' is condensed and flows liack 



jnouia passes out of the analyzer by the pipe g into a 
g steam is condensed and separated, while the ammonia 

passes on throngh a condenser F F, where it is lionefled, and then flowa through a pipe to the 

refrigerator H, the supply being related by a cock n. 

Meanwhile a regulaWd current of spent liquor posses from the boiler into a long tnbe, O, 

called the heater, Sited with an internal set of tubes, through which the concentrated solution of 
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t. ta foToed by the pump J Into tha top of the anBlyier. By this mtniu the Bolution 
>Dia ia heatad, and at the tune time the hoi liqnor from the boiler ia aafBcieotlT cooled to 
be mipplied to the absorber I, into which it is forced by the proMtire of the boilat, throoKh the 
pipe I, fitted with a oock w, to regulate the mpply. Id the absorber I thia water becomes 
BatiiTBtod with gaseous ammoni* diBobargpd from tbe refrigerator H, and the resaltiiiK atrooe 
solution of ammonia is then pumped out into the analyzer. 

The important faature of this anangemeot ocmsiils in the apolicBtioo of the analyiinr column 
B, Mid the rectifl^r D D, by which it u intended that the dehySation of the ammoiia sTiould be 
cawied so far that the condensed hqnid passing into the refrigemlor niay be practically free from 
water, while in Carrts ap- 
paratns the liquid suppliMi 



making machine,' Figs. 4187, 
tl88, tmnsTeTM Bertions; and 
Fig. 418B an enlarged section of 
the Mmpression cylinder A. 

The air receptacle O forms 
;he base of tbe whole machine; 
It supports at its ends the com- 
pression cylinder A, and the 
iipaasioD cylinder B, and at 
Jie oentre us supports of the 
irank-shaft 0, the centre pnr- 
S M 
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tioD of nhich reoeivee the rods of both eyliiidera. Each of tlie ojrliiiderB is donble-Acting, Uiat 
is to ea.j. the; aspire and throw back fiom both iides of their pistons P and Q; the; are pro- 
vided with vnlvea a', a', o", 
a*. serriDg for the suitable j 
distribution of air for the J 
compreesian cylindar A, and 
b', b', b*, i\ for the eipan- , 
Bion oylhidei B. The TEdveB j 
^iTe formed of metal discs ( 
provided with a copper ring, j 
out in BOoh a manner as to = 
nlose the orifice, foltowiDg a 
oiraumfereutial line of cott' 
tact. The valves are workrf 
by rods actuated by forked 
Bj-ma, oommanded in the cose 
of the compression oylinder < 
by butting-piec«B fixed to 
the piston-rod, and in the 
rasB of the expatiBion cylin- 
der by secentrios fastened on 
the main ihafl. The com- , 
pteesioD ojlinder A draws ' 
tbe air through its two 
aspiration valves a', a*, and i 
throws it out through its j 
two other valves a', a*\ j 
agsinet this cylinder the 
injection arrangement is 
fitted for the cooling of the j 
air in proportion to its com- 1 
prcaaion. It is simply com- 

potted of a pump M, the piston m of which, eotoated by a rod united to tbe prinoipal crank, 
sends the cold water through one of two pipes n and »■ into the pari of the cvhnder where the 
1 takes place. The mixture of compressed air aod water wtlbout being heated pto- 
le of the ontlet-valves ^i' or a*, and enters into the receptacle S, which forming a aiphon 
:o effect tbe separation of the fliiide through the water falling to the bottom. The air beinr 
retained at the upper part of the recaptacia is allowed to escape through a valve or port and 
pipe, which leads it to tbo lower part of the receiver Q. The water on the other hand dawsends 
into a reservoir U, whoro it finds its level; tbe exoeas falls into the air receiver thiongh an 
orifice situated at its side. The receiver is provided with inclined pUtes forming a zigzag 
course or passage, in which tbe two fluids, air and water, circulate in a contrary direction ; tbe 
air rising t« tbo upper part of the chambier and kept in reserve to be taken hy a pipe which 
leads it to the expansion cylinder B, whilst the water which has passed through the pipe in IF flows 
downwards towards r, and leaves the reoeiver finally, or is again returned to the apparatus hj an 
inject ion -pump. The expansion cylinder B draws the air from the receiver Q through tbo pipe 
communicatiag with tbo two outlet-valves 6', b'. The refrigerated air leaves the cylinder ttirough 
one of the outlet-valves t>', M, and passes into a pipe (, from whence it is led into the mediom or 
place to be cooled or frozen. 

With this arrangement of mechaniam tbe lowering of tbe temperature may be carried to any 
desired extent by taking a portiua of the cold air produced in order to cool tbe JDJeotion-water, or 
even by directly compressing this oold air in the compressing cylinder A. 

It will be seen that in consequence of the inclination of the two cylinders A, B, and of the jnne- 
tion of the cranks of tbeir respective pistons P and Q upon the same shaft O, the compression and 
expansion take place simultaneously, the second aclion aids the first which gives the resisting 
force and develops the b'igorific disposition already attained. 

This article is taken, with some addition, from an excellent paper in the Quarterly Journal of 
Bcience, on the Artificial Production of Cold, by Dr. B. H. Paul. 

IMPACT. Fa., Ctoc; Qkb., Slou, Ur^o; gpAs., Emp^iietdr. 

The word impact implies contact or impressiou by touch : oollisioii ; force communicated. 
More particularly impact is the single instantaneous blow or stroke of a body in motion against 
another either in motion or at rest. 

IMPETUS. Fb., Mourtrntnt; GiB., OrSite Bewtgvng ; iTiL,, Entrgia dinamioi; SPAN., /mprfu. 

Impetus is the force with which any body is driven or impelled : or its momentum. 

INCLINED PLANE. Fa., Plan iwUin^; Gra., Schitft Ebene ; It*l, Piano mdinato. 

INCBUBTATION OF BOTLERB. Fb., Incnatatim dis cliaudiirti a tapmr ; GeB., Scisel- 
iMnbildurg; Ital., Tncrottaiione dtllt caldaie. 

Undistilled water generally contains in solution a quantity of sulphate of lime, gypsum, and. / 
limestone, chalk, as well as tmaller quantities of other sabstanoea. Certain waters also oontainY 
aeid particles which destroy very rapidly metallic vessels used for evaporatioa 

If water is evaporated in a bailer, the solid substances which the water contains in solution 
are not evaporated with it. and it will be found that the water ttecomes more and more saturated as 
the calcareous salts are deposited upon tbe metallio walls. If these deposits are not removed they 
will floally become solidified and form upon the walls of the bailer a crust, tbe tliiokness as well 
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aa the hardness of which increases as frequently as the water is renewed, and it then becomes 
necessary to use for its removal scaling hammers and chisels. A steam-boiler covered on its 
interior with a crust of solid deposits termed scale, has its evaporating power diminished by the 
reduced inductibility of the plates, and is exposed to the greatest dangers of explosion. In &ot, 
any plate covered on the interior side with a substance which arrests the prompt transmission 
of heat, may be heated on the exterior side to a red heat, which will necessarily diminish 
the resistance of the metal by increasing the oxidation, thus reducing rapidly the thickncM 
of the plate. 

The disadvantageous consequences will be increased as the interior space of the boiler is 
diminished, so that in boilers with tubes, the scale may often be accumulated to such an extent 
that the space between the tubes may be entirely filled. If it now happens that the water finds 
its way tnrough cracks in the scale between the latter and the decayed and almost red-hot 
plate, a sudden formation of steam takes place, which detaches the scale over an extended 
length, exposes a great part of the red-hot plate to a much higher temperature than that of 
the evaporation, and finally brings the water of the boiler in contact with the superheated plates ; 
the consequence is the sudden production of a great volume of steam, causing almost inevitably an 
explosion. 

Admitting that this extreme case does not very frequently happen, the accumulations of 
solid deposits and of a g^reat thickness must, nevertheless, eventually oring about the destruction 
of the boiler, and will in all cases reduce its steam-raising power. It is therefore of the greatest 
importance to prevent the incrustation of a boiler by arresting solidification of the deposits, if 
that is possible, or at least by cleaning the boiler before the scale has attained a certain thickness. 

The means employed for preventing incrustation are ; — 

Frequent extraction before solidification, and repeated cleanings ; 

The addition of substances capable of preventing tha adhesion to the plates ; 

The addition of substances which form a chemical combination with the calcareous salts and 
modify their properties ; and 

Feeding with water previously purified. 

Mechanical extraction of the deposits and frequent deaninjp^ of a boiler are the means most 
generally adopted, independently of the nature of the deposits, for preventing incrustation. The 
operations should be repeated as often as required by the calcareous composition of the water used 
for feeding the boiler. 

The extraction of the deposits, at least of the liquid portion of them, may be effected by means 
of special tubes designed for the purpose; the solid scale fixed to the plates of the ooiler or 
heating tubes, especially at the places exposed to great heat, can only be removed by striking 
them with a scaling hammer after the boiler has been emptied. If moderately pure water is used 
for the boiler, extraction and cleaning are sufficient, out the cleaning should be repeated 
frequently, so that the deposits are not allowed to get hard ; should, however, a few solid deposits 
remain behind, the hammer has then to be used, aud with this view, the diameter of the twiler 
should be arranged so as to allow admittance of a man or boy. 

Care should, however, be taken to empty the boiler only when cold, otherwise the furnace of 
the boiler, still very hot, calcines the residue after the wateir has been let o£f, and it becomes then 
very difficult to remove. 

It is therefore indispensable that no part of a boiler should be inaccessible to necessary tools 
for separating and removing the deposits; it is of equal importance that the parts in direct 
contact with the hearth should present no marked projection or deepening in which the calcareous 

groducts could accumulate, get nard, and become almost immediately separated from the liquid, 
uch is especially the case in the joints of the fire-box of locomotives and m other steam generators 
of a simil^ construction, where care is taken to fix plugs which may be removed when desired in 
order to introduce tools through the holes for the raising of the deposits. 

Suluianoes hindering the adhetion of Depoaita^—U the water used contains a high percentage of 
calcareous salts, and if frequent cleaning of the boiler does not prevent the formation of scale, it 
becomes necessary to adopt specisJ means to diminish the inconvenience. 

The folbwing remedies nave, among others, been used with varying success to prevent 
incrustation ; — 

1. Potatoes, ^th of weight of water prevents adherence of scale. 

2. 12 parts salt, 2| caustic soda, -^th extract of oak bark, ^ potash. 
8. Pieces of ^oak-wood suspended m boiler and renewed monthly. 

4. 2 oz. muriate of ammonia in boiler twice a week. 

5. A coating 3 parts of black-lead, 18 tallow, applied hot to the inside of the boiler every few 
weeks. 

6. 12i lbs. of molasses fed into an 8-horse boiler at intervals, prevented incrustation for six 
months. 

7. Mahogany or oak saw-dust in small quantities. Use this with caution, as the tannic acid 
attracts iron. 

8. Carbonate of soda. 

9. Slippery elm-bark. 

10. Chloride of tin. 

11. Spent tanners' bark. 

12. Frequent blowing oft « 

Prdiminary Punication of the Feed-water.^There is no better means of preventing incrustation 
than to feed the boiler, where circumstances permit, with water already purified and free from all 
oaloareous salts or ooRosive acids. :• . . • 

There are two ways of obtaining this result ; preliminary distillation, and chemical operation. 

If the water destined for the feeding of a boiler had to be always distillated, the expenses for 

6 M 2 
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fuel would be doubled ; this plan has therefore to be abandoned, imlesB the waste heat of the 
boiler-furnace can be utilized for the purpose. 

This has been tried in many cases ; the first or preliminary heating of the water being 
efieeted in auxiliary recipients or vessels of less importance than the boiler, and which are not 
exposed ditectly to the fire upon the grate. The incrustation in these vessels will therefore be 
less strong than in the boiler. 

The importance of the deposits could also be much diminished by the condensation of the 
steam used in the engine, upon cold surfaces in order to make it again applicable for the feeding 
of the boiler by adding only the small quantity of water necessary to make up for evaporation 
which had been oondensated in reservoirs plunged into the sea outside the ship ; this pltm was 
tried and at first succeeded ; it happened, however, that these reservoirs became covered on their 
outside with a deposit of scale from the salt water, in consequence of which their opnductibility 
was much reduced. 

In France M. Lelong-Bumet has introduced a method of purifying feed-water, which consists 
of a preliminary mixing of the water with chemical agents producing a precipitation of all the 
substances forming incrustation, so that onl^ pure water reaches the boiler. He employs for that 
purpose special reservoirs provided with stimng apparatus in order to effect the mashing of the 
chemicals cast into the water in suitable proportions ; the existing salts are thus dissolved and 
others formed which precipitate to the bottom of the vessels. 

It will be seen that the application of the process makes a previous careful analysis of the 
feed-water indispensable, in oraer to select, according to its composition, the reacting agents 
which are best for the complete precipitation of the salts in solution. Burnet has made for that 
reason a g^reat number of experiments in order to ascertain the most suitable agents for attaining 
the desired end, and to find the proportions which have to be used according to the nature of the 
feed-water. He has proposed for the purpose a great number of agents, and especially the solu- 
tions of caustic potash and soda, those of alkaline carbonates, baryta, strontianite, and so on. See 

INDIA-BUBBEB. Fn., Caoutchouc; Geb., Kautachuk; Ital^ Qomma ekuHoa caciu; Span., 
Cautchuc. 

India-rubber, known generally as caoutchouc, is composed of carbon and hydrogen, eight equi- 
valents of the former uniting with seven of the latter. This compound is represented by the 
formula 0, H,. When perfectly pure, it is solid, white, and transparent. Its specific weight is 
925, that of water being 1000. At a temperature varying from 75^ Fahr. to 95°, it is supple and 
elastic ; and its surfaces, if free fiiom all foreign matter, or recently cut, adhere and become united 
when placed in contact under a certain pressure. The physical properties of caoutohouc are 
greatly modified when its temperature is brought below 82®; it then undergoes a considerable 
contraction, it becomes less supple, only slightly adhesive, and hardly susceptible of extension. 
These changes of properties remain even after the temperature has been raised again to 60° or 70^. 
If a piece of caoutchouc be stretched and cooled down to 32°, it will remain in ite extended state, 
even after ite temperature has been raised again to 70°. Ite primitive characteristic qualities sud- 
denly return, however, when ite temperature is raised above 95°. To make the experiment, take 
a strip of caoutehouc, stretoh it, and place it for a few minutes in water at 82° ; on taking it out of 
the water it will remain in ite extended stete and possess but very little elasticity at ordinary tem- 

Seratures. But if it be plunged in water at 105° or above, it will immediately resume ite original 
imensions and aU ite elasticity. A strip of caoutchouc suddenly stretehed manifeete a sensible 
increase of temperatore if placed in immediate contact with the lips. Sudden contraction, on the 
contrary, causes a diminution of temperature. The reason of this is that in the former case the 
stretching lessens the volume of the strip, whilst in the latter the volume is increased by the strip 
returning to ite primitive dimensions. 

Several liouid carburete of hydrogen, obteined from coal-tar by distillation— particularly benzine 
[pand and partly. dissolve caoutchouc ; the same effeote are produced by essence of turpentine, 



deprrved of water by (^uick-lime, and rectified by distillation. Pure essence of lavender and sul- 
phuret of carbon are still more effective. The fat oils may dissolve a small quantity of it, especially 
when hot. Water and alcohol, which were believed formerly to have no effect upon it, exert a 
special action and preoipitete it in part from ite solution in sulphuret of carbon. 

Liquid and gaseous chlorine hardly affect caoutehouc, and it is equally insersible to the action 
of hydrochloric acid, all the weak aoias, the greater part of the gases, and the solutions of potash 
and soda. The concentrated sulphuric and nitric acias change it raploly, especially when they are 
mUed, SO,, HO + NO,, HO. 

The effect of steam upon caoutehouc is to soften it and greatly diminisb ite tenacity. When 
heated dry from 95° to 250°, it gradually loses its consistency ; ite particles become more and more 
susceptible of agglutinatins' t(^ther. At a temperature of about 290° to 830°, it is viscous and 
adheres to hard and dry substances ; a large portion, however, of ite consistency and elasticity is 
regained after cooling. From about 855° to 890° it fuses and appears to undergo an isomeric 
modification ; for whue ite elementary composition remains unchanged, it has become sticky ; if 
heated still more, up to 430° to 450°, it becomes oily, very brown, and suiteble for protecting iron 
and steel from rust. 

Caoutehouc, in contact with a substance in a stete of ignition, bums with a luminous red and 
amoky flame. When subjeoted to distillation, it gives different carburete of hydrogen, two of 
whi<m are isomeric with defiant gas (caontohene, heveene); several othera have an elementery 
composition, similar to that of essence of turpentine ; they boU at various degrees — 57°, 91°, 340", 
419° ; most of them dissolve small pieces of dry caoutehouc. 

The caoutehouc of commerce is composed of two principal parts, one possessing greater cohesion 
among ite molecules, and being more tenacious and capable of resisting all agente; the other 
softer, ductile, adhesive, and more soluble. Each of these two parte offers the same elemeata^ 
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composition repieaented by the formula 0, H^ ; the maas thai oonstituted ooniaina fatty matten, 
an essential oil, odoured matters, three nitrous substances, water in variable proportions, which 
may be as great as 26 per cent., and traces of saline matters. 

No one of these substances possesses the extensible and elastic properties in the same degree as 
the whole t^ether ; this seems to be due to the adhesion between the surfaces of the fibrous parts 
which are lubricated by the fatty matters, and to the isolation of the soft and soluble portion, 
which would render the whole mass more supple. The structure and composition of caoutchouc 
enable us to explain seyeral phenomena concerning the penetration of sulphur, the TulcaniziDg of 
caoutchouc, ana the slow or rapid changes in yulcanized caoutchouc. 

In course of time, especially when exposed to the light and to a high temperature, caoutchouc 
undergoes changes, Uie effects of which may be seen, though their consequences on the immediate 
composition of the substance have not yet been determined ; in such cases it exhales a sharp odour, 
it becomes softer and less tough, and sometimes e?en it may be easUy broken. 

Oaoutohouo and some of its ruder uses were known long ago in South America and in India. In 
1736, La Gondamine, of the Institute of France, who hadf been sent to Peru with Bouguer for tlie 
] urpose of msking certain astronomical studies, sent the first specimen of this substance to the 
Academy of Science of the Institute. Fresnau and Maoquer in 1751 and 1768 sent to the Academy 
some specimens of cadutchouo grown at Cayenne. It was not till the end of the last centuiy that 
caoutchouc was first imported into England, where it became known under the name of india-rubber, 
from the almost sole use to which it was for a long time put of rubbing out lead-pencil marks. 

In 1790, the raw material cut up into strips began to be used to make elastic balls, ligatures, 
and certain kinds of springs. Later methods of sonening caoutchouc and spreading it oyer coarse 
fabrics to render them waterproof were disoovered. Fouroroy succeeded, in causing it to swell and 
partialljT dissolye by means of ether. Grassart in 1791 first made tubes of caoutchouc by winding 
long strips of that material helically upon slightly conical glass moulds, and joining the whole 
together. Nadler in 1820 invented a metnod of cuttmg caoutchouc into threads suitable for weaving 
into elastic tissues, and about this time Thomas Hancock introduced the use of the devil or mas- 
ticator into the manufacture of caoutchouc. This machine, together with his after inventions, were 
the principal means of extending the india-rubber trade to the dimensions it has now attained. 

A few years later. Mackintosh improved the manufacture of single and double waterproof 
fabrics by interposing a layer of caoutehouo rendered plastic by means of essence of turpentine ; he 
gave a great impulse to the manufacture of overcoata of this material, which overcoatn still bear his 
name. Towards the year 1830, Battier and Ouibal wove fabrics of caoutchouc threads deprived of 
their elasticity by means of a low temperature ; by afterwards heating these fabrics up to about 
105^ elasticity was restored to the threads. This method is still employed. 

Hay ward's patent, taken out on the 24th of February, 1839, by Goodyear, his representative, 
marks the first use of a small quantity of sulphur ; but he did not state either the proportion or the 
temperature lequisite for the transformation. In 1844, Goodyear described the properties — partly 
discovered in 1839 — ^which sulphur gives to caoutchouc by uniting with it ; from this time the 
operation was known as vuloaniting. The same year, Hancock suooeeded in vulcanizing caoutohouo 
by means of a bath of sulphur. 

The preparation and vulcanizing of caoutchouc were further improved by Rattier and Guibal. 
Parkes in 1846 invented the method of vulcanizing by immersing the manufactured articles in 
sulphuret of carbon containing ^ (or 2| per cent.) of protochloride of sulphur. Several manu- 
f icturers applied this method in various ways, and produced a ^reat number of useful articles. 
M. Guibal,, out of a mixture of caoutohouo and silicate of magnesia, formed cylinders, from which 
thick washers are cut to be used between the stufiBng in stufSn^ boxes. Beoently M. Gterd has 
constructed an ingenious machine capable of cutting 150 prismatic threads at once instead of eight 
or ten as formerly. 

We will now describe the chief processes employed in msnnfaoturin^ various articles of caout- 
chouc. When the methods of extracting the raw material in the countries where it is grown shall 
have been improved, we shall no doubt be able to obtain directly thick and homogeneous K^uares 
and cylinders free from foreign matter. It will then be easy to out up, by means of maobmery, 
these raw producto into thin strips and fine threads, from which a great number of articles may be 
made much more durable than those prepared by working up the caoutchouc, because in that case 
the natural texture would not be injuriously ohansed by exposure to a high temperature. 

Threadt of pure OcKmichouo. — ^The irregular bottles of the raw caoutchouc of Para, softened in hot 
water and then cut in two and flattened between cast-iron plates heated up to 212°, are cut up by a 
circuhff knife worked by machinery into discs ; these discs are fixed upon an axis, which as it 
revolves piesenta the disc to the edge of a circular knife. By this means it is out up spirally Into a 
lonff strip of any required thiekness, and wound upon a reel. A small iet of water assisto the aetion 
of tne knife. A simple mechanical contrivance controls the action or this oiroular knife by dis- 
placing the centre of rotation and aocelerating the motion as the ciroumfezenoe of the disc 
diminishes. The strip is afterwards subdivided simultaneously into five or six threads by being 
passed between ftom six to twelve double circular blades cutting in the manner of shears. This 
action is likewise assisted by the continuous flow of a small iet of cold water. A boy on the other 
side gently pulls the threads towards him, and thus assista the passage of the strip. 

The thread obtained by this process is, in general, the most elastic and durable that can be 
obtained. It is flrst stretched, and ito elasticity removed by means of a reduced temperature, in 
order that it may be more easily woven ; oontraotion and elasticity are afterwards restored to the 
threads of the finished fhbrio by heating it in a stove up to 1 12*^. These threads of pure csoutohouo 
possess the defect of beoominsr hard when exposed to oold and soft when exposed to heat, and for 
this reason vulcanized caoutohouo is generally preferred. 

VariouM Operationt performed on the Saw Material'— One of the flrst <n)efations which caoutchouc 
is made to undergo consista in steeping it twelve to twenty-four hoan in warm water ; then, after 
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haying cut it up into pieces of about an inch thick ^th a long sharp knife, these irregular pieces 
are passed successiyeiy between two large i oilers of about 15 in. in diameter moving at different 
rates of speed, one making oue revoiution and the other two-thirds of a revolutiun a minute, while 
a jet of water falls continuously upon the upper roller. In this way the pieces of caoutchouc are 
crushed, rolled, and at the same time pressed out unequally in the two directiouB ; they issue as 
thin, granulated strips, full of little holes, thus presenting a large surfieuse to the action of the weak 
solutions of soda and the hot water by which they are purified and rinced, the air which dries, and 
the various mechanical and chemical agents which agglomerate, distend, or dissolve them ; such, 
for example, as the deviling machine, nydrocarburets and sulphuret of carbon, the appUcation of 
which we will describe later. The bottles or hollow cones of raw caoutchouc are left to soak in the 
warm water for three hours, and then taken out and cut asunder by means of a circular knife which 
is kept constantly watered. This watering is necessary whenever caoutchouc has to be cut, to 
counteract the adhesive property of the material and prevent an increase of temperature which 
would result from the friction, and which would increase the tendency of the caoutchouc to stick 
to the knife. The bottles when thus cut open let out into the water, into which they are again 
plunged, the earthy matters they may have contained. 

For the raw caoutchouc of Brazil, which is less impure than the other kinds, cleansing by water 
alone is usually sufficient ; it is then passed between tne toothed cylinders, which reduce it to thi:i 
sheets full of holes. 

The agglomeration- of the caoutchouc, introduced by Hancock, is an operation forming the basis 
of a great number of the preparations which we shall presently describe, and is effected in the 
following manner ; — 

The thin strips, obtained by the rolling already described, bavin*? been well washed and dried 
in the air, are made up into a packet or bundle weighing 14 kilogrammes or about 30 lbs., includ- 
ing the scraps and other work from the preceding operations, and heated in a stove up to about 
95^. This bundle is then passed between a massive iron cylinder A, Figs. 4190, 4191, 17 centimetres 
in diameter, and armed with 

iron pins or teeth 5 milll- 4i90. 4i9i. 

metres square, let 4 centi- 
metres into the cylinder and 
projecting 2 centimetres 
above its surface, and the 
iron cylindrical casing, one 

Sortion B B of which is 
xed and the other portion 
G is removable. The oundle 
of 14 kilogrammes is com- 
pressed and rolled out be- 
tween the toothed roller, 
which nudces from 60 to 100 
revolutions a minute, and 
the outer casing B and which is provided with several projecting diamond-points. The parts 
of the bundle become heated successively, and. joining together, they at length form a Hat lump. 
This lump, dragged slowly by the powerful friction of the teeth, makes one revolution while the 
cylinder makes 30 or 40. 

To give an idea of this trituration, we may state that it requires a force of 5 horse-power, and 
that the bundle of caoutchouc, condensed by the close adhesion of the fragments of which it is 
composed, possesses at the expiration of ten minutes, the time required for the operation, a diameter 
of 18 or 20 centimHres and a length of 40 centimetres. Buch are its dimensions at the moment 
when it was taJcen out of the devil, in which its form was quite different, as it was compressed 
between surfaces only 6 centimetres apart, and limited by the two ends of the cylindrical chamber 
only 35 centimHres distant from each other. 

In winter, during the first quarter of an hour, the agglomeration of the caoutchouc is assisted 
by heating the cylindrical chamber up to 112° by injecting steam into the double bottom £, Figs. 
4190, 4191, by means of a cock G. A rectangular aperture d, or several long and narrow apertures, 
allows the bundle or lump of caoutchouc to be seen and touched. When the operation is com- 
pleted, the cover is taken off by removing the pin N and raising the handle M. The roll is then 
taken out, and replaced by another of 14 kilogrammes prepared in the same manner. 

As the rolls sometimes acquire a high temperature in consequence of the great friction to which 
they have been subjected, which temperature would be retained in the middle of the lump for a 
long time by reason of the low conductivity of the substance, it is necessary, to prevent injury to 
the materiid, to cut them asunder through their axis. This is done with a kind of hand-saw 
without teeth. The heating becomes of more importance in machines of larger dimensions, giving 
rolls weighing from 28 to 30 kilogrammes ; it may be partially avoided and the introduction of the 
air into the caoutohouo preventeid by substituting for the iron pins rounded flutings, projecting 
4 centimetres and having a breadth of 4 centimetres at their base. 

When it is required to make these rolls up into blocks, they are placed in the stove and heated 
up to 112^ throughout their mass; they are then rolled out into thick sheets between hollow 
cylinders heated internally up to 105° by steam, and fixed 3 or 4 centimetres apart. Six or eight 
of these sheets or tablets are tnen placed one upon another and put under a hydraulic press, where 
they are left to remain subjected to a great pressure for about a week. The pieces become joined 
together, and on cooling retain the form they have assumed, of a rectangular prismatic block. 
This block is kept in a cellar as long as possible, or stored away for several months. 

To out up one of these blocks, it is fixed with india-rubber paste upon the travelling plate or 
earner of a machine-knife fixed like a saw for cutting veneer. The carrier is moved forward by 
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means of a long screw, and the piece of caoutchouc is thus kept up to the edge of a very sharp 
horizontal knife in rapid reciprocating motion (600 to 800 strokes a minute). To destroy the 
elasticity and prevent the heating and consequent adhesion of the caoutchoac, a jet of cold water is 
made to play continuously upon the edge of the knife. When the block has been cut through, it is 
drawn back, raised by means of screws beneath the support \, \, or several millimetres, according 
to the thickness required, and again pushed forward as before. The sheets thus obtained are used 
to make tubes, bracelets, garters, balls, and various surgical utensils ; all these articles, after they 
are made, should be sulphuretted to render their elasticity stable. 

For cutting the blocks into sheets Charles Moseley invented a machine which, among other 
improvements, has a drawing or taking-up motion for keeping the sheet of india-rubber at one 
even tension, and so producing a greater uniformity of thidmess and smoothneas of surface. 

The motion consists of two levers fixed upon the centres of two rollers. One of these rollers 
revolves in a fixed bearing, and the other roUer rests upon the block of india-rubber to be out into 
sheets ; this roller rises or falls according to the diameter of the block. Aa the block revolves it 
comes in contact with the cutting knife, which by an oscillating motion cuts from it a sheet which 
passes over guide-rollers. As the block revolves it gives a motion to the roller bearing on it, which 
oy means of straps and pulleys gives a rotatory motion to the roller, over which passes the sheet of 
india-rubber, and as the roller bearing on the block of india-rubber has a surface speed correspond- 
ing to that of the block, which decreases as the block decreases in diameter, the sheet of india- 
rubber is kept at one exact tension. The same effect may also be produced by self-acting cone- 
pulleys, to give a positive motion to the drawing roller corresponding to the decreasing surface 
speed of the block. It is necessary in cutting india-rubber to have a stream of water running upon 
the face of the knife to reduce friction ; but to produce a smooth surface upon both sides of the 
sheet Moseley applies a stream of water to the back of the knife in addition to that at the front 

Fig. 4192 is an end view of Moeeley's machine, and Fig. 4193 a pUin of the arrangement for 
watering the back of the cutter. 




a is the framing of the machine ; 6, the slide which carries the cutting knife c ; cf is the block 
of india-rubber held in movable bearings to be operated upon. Immediately over the india-rubber 
block d, and in contact with it, is the roller e fast on the shaft /, which moves in bearings in the 
two levers g, one of which is at each end of the roller e. The fulcrum of the levers g, and on which 
they are free to move, is the shaft A, which is the axis of the drawing or taking-up roller t ; this 
roller i is covered with india-rubber, and revolves in fixed bearings in the upright standards p. 
On the shaft A, and also on the shaft/, which is the axis of the roller e, are keyed the two pulleys 
k and /, the crossed strap m being passed around them. Similar pulleys k and / and crossed strap 
m are made use of on the opposite ends of the shafts h and /, and three guide-roUers n, o, and r, 
are mounted in bearings fixed to the frame sides a. The apparatus for supplying water to the back 
of the cutting knife consists of a tin or light metal trough q, V -shaped or otherwise, which extends 
across the machine tiie length of the cutting knife. The trough q is closed all round, except on 
the inside edge or lip which is next the cutting knife, where suitable openings >, Fig. 4193, are left 
for the egress of the water, which is supplied to the trough q by means of a fiexible pipe p of india- 
rubber connected by a branch to the pipe for supplying ^water to the front of the cutting knife, or 
from other suitable source at the back of the machine. The trough q is fixed under the slide 6 
which carries the cutting knife c by a thin metal flange fast to and projecting from the trough q, 
and bolted in between the face of the slide 6 and the cutting knife c, and it is thus carried 
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backwards and forwardB with them, the flexible pipe p befog made suffloientlj long for that 
purpose ; this motion assists in the dibtribution of the water along the block of india-ruboer d firom 
which the sheets are cut. 

The mode of operation is as follows ; — ^The attendant having put the machine in motion and 
turned on the supply of water, the sheet of india-rubber as it is produced by the action of the 
cutting knife is, as indicated by the arrows, passed over the g^iide-roller r, under the guide-rollers 
o and n, and over the drawing or taking-up roller i, which reYolvmg and being coTered with india- 
rubber has sufficient bite or hold on the sheet to draw it forward with the required tension. The 
speed of the roller % is required to decrease with the size of the block of india-rubber d under 
operation, for as the sheet is cut from it less length is produced during each reyolution of the block 
(/, and as it decreases in circumference, its rotatory speed being the same, the roller e in contact 
with it will be driven slower, and will communicate its decreasing velocity by means of the crossed 
straps m to the takins-up roller t, so that the sheet of india-rubber will be taken up as it is 
produced and deposited in folds in front of the machine. 

Guibal easily obtains solid cylinders of caoutchouc by placing in a cast-iron mould one of the 
rolls as soon as it comes from the devil. The roll being placed vertically in the mould, an iron 
piston or ram is put upon it, and then placed under a nydraulio press. When the maximum 
pressure has caused the roll to assume the cylindrical form, the ram is fixed in this position for, 
twenty-four hours, or even longer, to allow the caoutchouc time tO oool and set. 

These cylinders are afterwards cut up into sheets by means of the knife described above ; but 
in this case, the section having to be made according to a spiral, the cylinder must be made to 
revolve, not by the uniform motion of its axis, but according to a uniform velocity of the sheet 
taken off by the knife. M. Guibal has solved this difficult problem by a very simple and remark- 
able contrivance. The rotary motion is communicated to the cylinder of caoutchouc by means of 
an endless strip of linen cloth, which, guided by rollers and always possessing the same velocity, 
since its length does not vary, allows each oscillation of the knife to advance by an equal quantity ; 
it follows from this that the streaks or cuts slightly marked by each oscillation are equidistant, like 
those which are obtained by moving forward with a uniform motion the rectangular blocks placed 
horizontally upon the machine table. 

Tubes and other hollow articles of aU forms may be easily made of these flat pieces of 
caoutchouc by cutting the edges short off and bringing the sections in contact under pressure and 
welding them with a hammer upon an anvil. The operation must be performed in a warm place 
(about 75^), and the caoutchouc must be of the same temperature. If it has been previously 
cooled down to 32^, it must be reheated up to 105° to restore its elasticitv and adhesive quality. 
The articles may be vulcanised cold after they are made, by a process which we shall presently 
describe. 

Recently a new kind of rolling machine has been substituted for the devil^ already shown 
in Figs. 4190, 4191. It consists of two hollow cast-iron cylinders, 33 centimetres in diameter and 
75 in length, heated internally by steam; one of the cylinders is grooved longitudinally, 
and revolves with a greater velocity than the other in the ratio of 8 to 2, the motion being 
transmitted from one spindle to the other by means of toothed wheels of different diameters. The 
axes of both cvlinders are in the same vertical plane, about 20 kilogranmies of caoutchouc in flat 
pieces is introauced between them, and as the machine is not covert in, the work can be easily 
watched. Moreover, as the roll of caoutchouc produced is not very thick, there is nothing to fear 
from an accumulation of heat in the middle of the mass. 

Threads of caoutchouc are obtained by cutting up a piece of agglomerated caoutchouc 2 or 3 
centimetres thick with a punch, or by means of the circular knife, into discs of 15 or 20 centimetres 
in diameter ; these discs are then cut up spirally into strips, which are then subdivided into 
threads in the way described under the head of natural caoutchouc. The discs to be cut up into 
strips majr be prepared in two other ways, by cutting them from the cylindrical blocks obtained 
by moulding the lumps taken from the deviling machine, or from cylinders prepared by rolling up 
a sheet of caoutchouc that has been worked and rolled between hot cylinders. 

A great improvement has lately been made in the fabrication of aqvuire shreds in the form of a 
machine invented by M. Gerard. To produce threads by this machine, a thin piece of Para 
caoutchouc worked up with six hundredths of sulphur, and rolled out between hot rollers, is 
B|)rinkled, as it comes from the cylinders, with talc on both its surfaces. This sheet is then wound 
with a piece of linen cloth interposed upon a hollow mandrel, or kind of plate-iron bobbin. Its 
breadth is about 66 centimetres, its length 60 metres, and its thickness Varies from half a milli- 
metre to 1, 2, or 3 millimetres, corresponding to threads whose section is a square having 
sides of one of these four dimensions. All the sheets thus rolled up are placed, by means of a rod 
passing through the hollow axis of the bobbins, into a stout vertical plate-iron cylinder, where they 
are exposed for two hours to a temperature of 285°, produced bv steam injected under a pressure of 
four atmospheres into the closed cylinder. The long sheet of caoutchouc is then ready to be cut 
up in three cuttings throughout its whole length, a little margin being left at the edges to allow 
for any irregularities in the width. 

The principal part of the ingenious machine producing this result, is composed of fh>m 150 to 
250 circular blades 7 centimetres in diameter and one-tenth of a millimetre thick, punched out 
of thin watch-spring steel. These blades or knives are kept at an equal distance from each other 
by brass washers from one-half a millimetre to 1, 2, or 3 millimetres thick, and 6 centimetres 
in diameter, all firmly held together by a nut on the end of a stout spindle. Beneath is a sblid 
half-hardened india-rubber cylinder fixed upon a spindle parallel to the former, and in the same 
vertical plane. This cylinder, into which the knives dightly enter, supports the threads as they 
pass and are cut. The sheet of caoutchouc, moistened with water, is tnen placed between the 
knives, which are raised for a moment in order to mark a marginal border in front, and the rapid 
motion of 1500 revolutions a minute conmiunicated to the spindlo, whilst the solid india-rubber 
cylinder makes only 8 or 10. A continuous flowpf small jets of water prevents adhesion and 
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firietion, and a kind of biass oomb separates the threads. 60 fine are the sections, that the 
sheet of caoatohouo issnes from between the knives without anyapparent division having been 
made; but the lightest touch shows the 150 to 250 threads. These threads are tied up into 
skeins and cleansed, first in a solution of potash heated up to 212°, wliich softens the surfiBuse, and 
then in pure water. When they have been dried in the air, they are passed over a table between 
vertioEd round brass teeth, to destroy any slight adhesion ; they are then ready for weaving. This 
Jbachine makes in a given time as many threads as ten or fifteen common machines. 

Solid balls of caoutchouc are made by placing the end of a roll against a revolving cylindrical 
rasp, formed of a sheet of iron punched full of small holes and having the barr on the outside, like 
a sugar-rasp. The great friction caused by the rapid motion of the rasp, 500 to 600 revolutions a 
minute, soon divides the mass of caoutchouc up into small fragments, which, having become 
heated by the frictiouf have acquired so adhesive a property that they form only a soft and pulpy 
mass. While in this state, it is made into an irregular ball by hand and placed in a cast-iron 
mould having two turned and polished hemispherical cavities ; these two halves may be powerfully 
pressed togetner by means of a hoop and screw. A small quantity of the soft material is pressed 
out of the ioint and forms a ridge ; this is removed by changing the position of the ball in the 
mould. The pressure is then increased, and the ball left to cool ; in twelve hours the ball will 
become very hard, and may be taken out of the mould. To restore its elasticity, it is kept for half 
an hour in a stove or in water heated to 122^, and then left to cool in an ordinary temperature. 

Thin filaments of caoutchouc are prepared by a kind of rolling when hot. A roll is tc^en as 
it comes from the deviling machine and flattened by pressure or cut in two longitudinally by a 
plane passing through its axis. The part thus obtained is heated in a stove up to 100° or 120^, 
and then passed several times between tiie cylinders of a rolling machine. These cylindersj which 
are hollow, are very graduallv brought together during the process of rolling, and their tem- 
perature is raised to about 175° by putting rad-hot burs of iron inside, or better, by an imection of 
steam. When the thickness of the caoutchouc is reduced to 2 or 3 centimetres, it may be folded 
double and passed through again several times in this way to render the substance homogeneous. The 
binding screws of each of the bearing blocks of the upper cylinder are then tightened and the sheet 
of soft caoutchouc again passed through ; on leaving the rollers this time it is very thin. It may be 
obtained of any length as, to continue it, it is only necessary to supply the machine with materiaL 

This thin filament is soft and very sticky ; in this state it is put between two tissues and the 
three thicknesses passed between the rollers of a second machine. In this way stout waterproof 
fabrics are made, rather heavy, perhaps, but free from the strong smell of common dissolverUSj as 
these are altogether excluded from the preparation. When it is required to leave one fuce of the 
caoutchouc biure, one tissue only is usea. The edges of this double tissue, folded in two and cut 
up into circular elliptical and rectangular forms, may be made to adhere at pleasure. The edges 
of the caoutchouc, put in contact and pressed hot, join and form a dosed vase. A space is left in 
one of the comers for an ajutage, whicn is stuck in with caoutchouc paste. This ajutage, which is 
provided with a small screw stopper, is used to introduce into the vase or bag the solution for 
vulcanizing the caoutchouo and afterwards the air with which this kind of bog is distended to 
render it elastic * 

When it is required to obtain the filsment of caoutchouc alone, it is made to pass, as it comes 
from the hot rollers, into a bath of cold water very slightly alcalized, whence it is wound upon a 
reel ; powdered talc is sprinkled on both its surfaces to prevent their sticking. If the rolling be 
efiected rather slowly, between cylinders heated internally by steam, the sheets of caoutchouo 
retain the thinness so acquired. These sheets may be coloured by means of opaque powders. In 
this way zinc-white gives a whitish tint, and vermilion a beautiful red ; a yellow or orange-red 
may be obtained with the odires, blue with ultramarine, and black with bone, ivory, or lamp black. 
It is in accordance with these principles that M. Gerard produces from a single piece a kind of rug 
with designs in relief and a deep embossing. A stout strip of caoutohouc worked up with sulphur 
and coloured powders, and forcibly compressed between two hollow cast-iron plates heated by 
staun, first up to 240° for one hour, then for two hours up to 285° in order to effect the vulcaniza- 
tion. These remarkable carpets may be two yards long by one broad, and as each of the patterns 
of two yards may be multiplied indefinitely, whole pieces of a hundred yards length may be 
manufactured for use in long galleries. 

Pastes and Solutums of Caoutchouc,— ^Tbe thin sheets of caoutohouc and those obtained by crushing 
and drying, as described above, are Tory suitable for making pastes and solutions. They are first 
cut up into small pieces, and then plat^ in contact with each other in a closed vessel, with one- 
and-a-half times, twice, or three times their weight of essence of turpentine rectified, or better stiU, 
benzine. After twenty-four or forty-eight hours, the caoutchouc is distended and softened ; in this 
state it is passed through a fine cylinder crushing machine, Fig. 4194. Each cylinder is 12 
centimetres in diameter, and 40 in length, and it revolves in a semicircular trough 6, forming the 
upper portion of a box 

6 c, heated more or less by ^i M. 

steam. The compound 
being put into the shoot 
i, runs down between 
the first cylinder and 
ite trough. When the 
substenoe arrives on the 
other side of the cylin- 
der, it meeto the edge 
9f a knife or scraper g, 
tangent to the surface 

df the cylinder ; it then Alls beneath the next, and soon throughout the whole number of cylinders. 
At tf, it falls upon an inclined plane, and runs thence into a vessel /. 
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In this crashing machine, the five cylinders reoeiye, from an equal number of endless screws 
fixed upon one spindle, the motion of an equal velocity communicated by these screws to each 
toothed wheel fixed upon the axis of each cylinder. 

The solution so prepared is used for various purposes; to stick together the parts of 
india-rubber i^dee, to join rectangular pieces of agglomerated caoutchouc end to end, and to 
overlay certain fabrics to render them watco^roof. It is sometimes laid on the back of wainscoting 
in contact with damp waUs, and it is freiiuently employed to give a strong and supple joint to 
the dry surfaces of many parts of domestic furniture and musical instruments. This caoutchouc 
paste also forms, by a very simple process, a supple binding for certain kinds of books, such 
as ledgers, &c. The books to be bound are put into a press, cut, and all the leaves at the back, 
which have been cut straight, are laid over with three or four layers of solution sacoeasively dried ; 
upon the last layer is placed a piece of fine linen cloth by which the leaves are held to the covers. 

Oils for Ivbricating Machinery, — Colza oil, containing 1| or 2 per cent, of caoutchouc, out into very 
thin strips, and dissolved by a temperature of 250^ to 265° kept up for five or six hours, becomes 
slightly brown and viscous ; in this state it is very suitable for lubricating the rubbing parts of 
machinery. 

Qwmtchows Cement, — This mastic is made by melting carefully, at a temperature of about 480^, 
caouldiouc cut very fine. As soon as it becomes fiuid, slaked lime in the form of dust or powder 
is mixed with it ; two parts of caoutchouc and one of lime give a soft cement ; by doubling the 
proportion of lime, we ootain a firm but supple cement. These cements remain a long time ductile 
and tenacious ; bottles may be hermetically closed by putting some of this material round the worn 
edges of a stopper. If we require the outside of the cement to dry, we must employ, for two parts 
of caoutchouc, one of lime, and one of red-lead. 

Tubing, — The paste used in making tubes may be composed of 59 parts of caoutchouc, 35 of 
oxide of zinc, 5 of sulphur, and 1 of pulverulent lime. The strips of caoutchouc are first sprinkled 
with powdered talc to prevent their sticking ; to render them more homogeneous, thev are usually 

E laced for an hour upon a hollow table heated by steam up to 250^. A strip is folded double, to a 
readth proportionate to the diameter of the tube, and tne edges cut with shears. The incision 
through the two thicknesses is made at an angle of 45° with the surface of 
one side, and consequently of 185° with the other, Fig. 4195. When the cylin- ^^^^ 

drical form is given to the piece by means of an iron rod, the two surfaces 
of the section fit each other, as shown in Fig. 4196, and a pressure with a bcur 
or a few blows with a flat rede is all that is required to make the edges 
adhere firmly. ^^^^ 

The tubes are in this way made upon smooth iron rods from 5 to 15 mil- 
limetres in diameter and from 10 to 18 metres in length, and sprinkled with 
talc. When the joint is effected, the tubes are wrapped in a cloth and vul- 
canized by heating them for an hour and a half or two hours to a tempera- 
ture of 270° to 285°, four hundredths of sulphur having been introduced into 
the paste at temperatures varying from 105° to 212°. For this purpose the 
tubeis with their rods are placed in a vertical cylinder from 12 to 13} metres in 
height and hermetically closed. Steam is then introduced, and the tempera- 
ture kept at 278° by means of a gauge indicating a pressure of three atmospheres. When the tubes 
have cooled, the rods are withdrawn. Should the tube stick to the rod, the adhesion is destroyed 
by injecting water between them with a small hand-pump. 

Large Sheets of Caoutchouc, Waterproof Fabrics, ^c. — Processes producing large sheets of caout- 
chouc are employed for obtaining pure or coloured layers of that material upon silk or linen 
fabrics, or smooth sheets of large size, either of pure caoutchouc or mixed with colouring oxides. 
The process is effected in the following manner ; — The caoutchouc is first dipped into hot water, 
cut up into shreds, crushed between rollers, washed and purified in the way we have already 
described. The shrivelled strips so obtained are dried for twenty-four hours in a stove, and then 
immersed in three times their weight of rectified essence of turpentine; in this state they are left 
from twenty-four to forty-eight hours in covered wooden boxes lined with plate iron, and containing 
500 litres. The shreds of caoutchouc, distended by the essence, are then distributed into eight 
cvlindrical capsules, the bottoms of which are perforated like a skimmer; the thickness of 
the substance in each capsule is about 6 centimetres. The eight capsules are placed in a cylindrical 
column closed b^ a cover and made to fit tight over a wide-mouthed vessel containing essence of 
turpentine previously rectified. The essence is then made to boil, and the rising vapour passes 
through the capsules, heating to nearly 322° the caoutchouc contained in them, which becomes thus 
more regularly and intimately penetrated with essence. The vapour of the essence escapes at the 
top of the column through a side pipe which takes it into a common serpentine pipe where it is 
condensed, giving again distilled essence fit for subsequent operations. After two hours, the 
capsules are taken out of the column, and their half pasty contents poured into the barrel of 
a vermicelli press, provided with several graduated wire-gauze screens, supported on plates pierced 
with holes. The pressure exerted upon the piston by means of an iron screw, forces tne caoutchouo 
pulp through the three or four screens. By this means it is better separated, as solid foreign 
matters, as well as the hard portions, are left in the pump-barreL 

The soft substance is next rolled and kneaded beneath cylinders similar to those already 
described, either alone or mixed with a few hundredth p^ts of ultramarine blue, orpiment, zino- 
white, vermilion, or half a hundredth part of lamp-black (calcined), to make a olue, yellow, 
opaque white, brown, red, or bhick paste. Three or four hundredth parts of sulphur may be added 
if it be wished to vulcanize the material afterwards by merely heating it up to 275° to 285°. If 
the paste while being kneaded is not sufficiently soft, from half to one part of essence of turpentine 
may be added, which mokes altogether three and a half or four parts for one part of caoutchouc : 
the paste is then ready to be laid on the fabrics. This is effected in the following manner. 
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In a part of the factory specially devoted to thatpurpose, well ventilated, and free from dnst, 
a doable frame snpporta, at a diistanoe of 28 to 29 metres api^, two cylinders 60 oentim^tree 
in diameter, and 1"^*50 in length, revolving npon their axee, which are placed horizontal and 
parallel to each other. Over these two cylinders is passed a stout endless band, which may 
be tightened at will \^ means of binding screws upon the bearing blocks of the axis oi one of the 
cylinders. The fabric 1™*30 to 1"*33 broad, which it is required to overlay with caoutchouc, 
is laid upon this bend, and the two ends are sewn together, so that it too forms a continuous 
circuit and follows with the rotation of the cylinders all the motions communicated to the band. 
A transverse bar of wood, or better of iron, forming a kind of Imife with a rounded edge, may be 
brought into contact with the fabric by two adjustment-screws ; this serves to limit the tiiickness 
of the layer. A second transverse bar, parallel to the former, with rounded angles and covered 
with swan-skin, is placed uuder the endless band to keep the fabric perfectly horizontal and 
to regulate the pressure of the upper bar. 

All being thus arranged, the paste is poured unon the fabric in front of the bar; and the two 
cylinders being set in motion, the band und the fabric upon it move along together, dragging the 
paste beneath the bar with a speed of 10 metres a minute, so that in seven minutes the whole 
69 metres are covered. It was necessary formerly to wait at least two hours for the essence to 
evaporate before applying a second layer; in this way from twenty-eight to thirty hours were 
requisite to apply fourteen layers. But Guibal and Cuminge have reduced the whole duration of 
this operation to two hours by means of a new arrangement 

This arrangement consists in placing under the band at a distance of 1 m^tre from the tranli- 
verse bar A, Figs. 4197 to 4201 , the two JAtter of which show the details of the bar or knife, a closed 
vessel, being a kind of box of plute iron BCD slightly bulging, as shown in Figs. 4197 to 4199, 
upon which the band rests throughout its whole bi-eadth and for a length of 5 metres. Into this 
vessel steam passes freely through a pipe £ fiom a boilw in which 'the temperature is kept at 194°. 
The condensed stesm flows out throu^ the tubes b'o* towards tlie water return. The heat thus 
transmitted to the thin layer of caoutchouc paste hastens the evaporation of the essence of turpen- 
tine employed. Besides this, a refrigerator F, formed of two slabs placed together like a roof, and 
having a slope of 46% is erected over the fabric for a length corresponding to Uiat of the vessel 
beneath. As the vapour exhuled from the paste meets the slabs, it is cooled by the water which 
falls upon them continuously from above from a pipe Q parallel to their ridge, and pierced with 
holes on each side. The equal dissemination of the water over the whole surface is secured by 
fixing upon each slab a piece of coarse linen or canvas. The vapour of essence of turpentine or of 
benzine is condensed against the lower faces of the slabs, and, flowing down, collects in the channels 
I, which take it to a common receptacle J on each side. 

In seven minutes each layer is spread and dried upon the fabric, which is wound alternately 
upon the two reels K L, so that the fourteen layers are laid on in two hours. As soon as the last 
layer is sufilciently dry, the &bric is wound off upon a portable reel. If the caoutchouc contain 
S or 4 per cent, ot sulphur worked into it by kneading, it may be vulcanized by simply exposing 
the fabric to a temperature of 270° to 275° in a cylinder with a double envelope heated by steam 
up to 291° under a pressure of four atmospheres. Tlie following composition is used by Guibal 
as a cheap and durable coating, free from all unpleasant smell ; — 

Purified caoutchouc S3 

Ground lithar^ 50 

Carbonate of lime 10 

Lamp-black 2 

Sulphur 5 

100 
Benzine 100 

The above method of vulcanizing is^ however, employed only for linen fabrics; for silk and 
woollen goods would become crisp at so high a temperature. These are hung up in a cylindrical 
stove 8 metres in diameter and 5 metres high, which is heated for twelve hours by steam cbculating 
under a pressure of four atmospheres through tubes at the bottom. During one and a half of the 
twelve hours the temperature is at 268° to 275°. These fabrics, which are intended for cloaks and 
hunting and shoothig overcoats, are coated with a composition consisting of 30 parts of caoutchouc, 
50 of porphyrized lit]^rge, 10 of chalk, 2 of lamp-black, and from 4 to 5 of sulpnur. 

The same arrangementiB serve to coat a fabric upon both sides, by simply turning it over upon 
the endless band ; in such a case more than five or six coatings are seldom laid upon each side. In 
the same way, four or five layers may be put between two pieces of cloth by laying two or three 
coatings upon each, and passing the two, placed face to face, between two rollers, which would 
make them adhere firmly. 

The same machine is used to make large thin sheets of caoutchouc alone, ^ther pure or mixed 
with pulverulent mutters, such as sulphur and the colouring substances, zinc-white, ultramarine, 
ochre, lamp-black, and so on. In thitf case, a dressing of pas& and two or three layers of a mixture 
of equal parts of molasses and gelatine must be nrst spread upon the endless band, which is 
stretched between rollers 14 metres apart, occupying the place of the reels K L. This coating, 
which is sufficiently dry not to stick to the substances placed upon it, keeps supple for a long time 
by reason of the hygroscopic property of molasses. Upon this consistent coating as many as forty 
layers of the caoutchouc paste is laid to obtain a thickness of 1 millimetre ; each layer, spread in 
ten minutes, requires one hour to dry, so that forty hours are required to spread and dry tne forty 
layers. The sheet of caoutchouc is easily detached from the band, as the gelatinous coating pre- 
vents adhesion ; it is afterwards sprinkled with very fine sifted talc and wound on a reel. 
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Artidee of all shapes may be made ont of this sheet, and afterwards vidoanixed by simply heat- 
ing them up to 275% if snlpnnr has been pienoosly mixed with the paste. The exoess of snlphnr 
may be removed from the articles after they are Tulcanized, by immersing them for an hour in a 
boiling solution of soda or oaustio potash ; and the surface may be made softer by passing them 
through a bath of hydroohlorite of potash (Javelle liquor) heatea up to 140°. 

The method of dissolving and distending caoutchouc by a mixture of sulphuret of carbon and 
caoutchouc cold in a closed vessel, and then kneading in a press which forces the paste through 
fine wire gauze, is employed to prepare a coating to be put between two fabrics unwound from two 
cylinders^ and uniting beneath the rollers of a rolling machine. The paste possessing sufficient 
fluidity holds the two together, and renders them waterproof. The sulphuret of carbon is more 
completely and more quickly volatilized than essence of turpentine, and leaves lew smell. To 
moderate the evaporation and increase the adheeiou, benzine may be substituted for a portion of the 
sulphuret of carbon. 

The rolling machine and cylinden should be enclosed and well ventilated to protect the work- 
men from the noxious influence of the sulphuret of carbon. 

Utes of the Sheets cmd Strips of Caoutchouc att by the Machine-knife, — ^A great variety of articles 
may be made of these pieces before they are vulcanized, whether they contain 5 or 6 per cent, of 
sublimed sulphur, the action of which will show itself later by being raisiBd to a temperature of 279°. 
or whether vulcanization is to be effected cold by chloride of sulphur dissolved in sulphuret of 
carbon. In any case, these pieces of caoutchouc, rendered supple oy a temperature of 76° to 86°. 
are formed into all sorts of shapes before they are vulcanized ; and if the articles produced are small 
fifl;ures or balls from 5 to 8 millimetres thick, their regularity is perfected by means of a mould into 
which they are placed hot, a temperature of 212° to 248° bein^ sufficient to ensure correctness of 
form, and from 271° to 275° to flx the form acquired by vulcanizing the material. We shall give 
a sufficient idea of the processes employed in making a vast number of articles of this nature by 
describing the manufSncture of hollow baUs. 

Smoll hollow balls of 8 to 12 centimHres in diameter are made of strips of caoutchouc mixed 
with sulphur, reduced to a thickness of 5 or 6 millimHres, by rolling, or by being cut with the 
osoillating knife. In all cases, four segments of a sphere are cut out of these strips according to 
models, and the edges joined by pressing them between the thumb and finger or witn a caoutchouo 
paste, sulphur, sulphuret of carbon, and benzine, care being taken to enclose as much air as possible. 
They are then placed between the two hollow half-spheres or shells of a grooved mould a little 
smaller than the ball formed of the segments; the two shells are held together by thimib-screws. 
When aU the moulds have been filled and screwed up, they are placed in the steam vulcanizing 
cylinder; here each ball swells by reason of the air inside dilating under the influence of the tem- 
perature, presses against the smooth or grooved face of the mould, and soon after the temperature 
has reached 266^ becomes set by being vulcanized ; the pressure of the confined air is sufficient 
to keep the ball distended. These balls are used as indoor toys, where harder ones would be 
dangerous. 

Larger balls, such as those used for foot-ball and similar games, are made in the same way ; but 
the necessity for greater consistency and elasticity requires tne insuffiation of compressed air. This 
was formerly effected by placing a small round piece of caoutchouc in the form of a washer on the 
inside to double the thidmess at that part, and, after the ball was moulded and vulcanized, insert- 
ing, through a hole bored in this double thickness, the end of the blow-pipe of a compression-pump. 
When the ball was sufficiently distended, the pipe was withdrawn and a smaU conical iron plug 
inserted in its place. This manner of dodng the nolo was, however, defective, for a shock sucn as 
that caused by a blow or a bound soon blew out the plug, and the ball coUapsedt This accident is 
now avoided by means of a veir simple c(mtrivanoe. Instead of putting a little disc of caoutchouo 
mixed with sulphur on the inside before the ball is closed up, as described above, a thicker disc, 
free from sulphur, is so applied. When these balls have been moulded and vulcanized in the 
steam-cylinder by a temperature of 275° in the manner already described, they are too feebly dis- 
tended Id enable the pressure inside to withstand the extemalpressure. They may, however, be 
easily distended to a greater degree, and kept in that stiebte. This is done by simply inserting the 
point of a pipe communicating with a blowing machine. When the ball is sufficiently distended, 
the pipe must be withdrawn without allowing any of the compressed air to escape. This difficulty 
is surmounted by squeezing between the thumb and finger the thick disc of caoutchouc on the 
inside, which is still in its normal state, since it contains no sulphur. As it still retains its adhe- 
sive property, therefore, the pressure of the fingers is sufficient to make the sides of the aperture 
adhere, and so dose it hermetically. 

7fidia-rti660r Carpets, — ^We have already referred to the carpets, or mats, formed of a single piece 
of caoutchouc, manufactured by M. Gerard. In fabricating these artides he places a thick sheet 
of rolled caoutchouc between two cast-iron chests 50 centimetres in depth, strengthened by strong 
stayi^ and dosed by a thick bolted lid of oast iron. The lower chest bean the rectangular moulda 
of cast iron, bavins; hollows and projections sculptured and engraved upon them, in order to pro- 
duce, by means of a heavy pressure transmitted by two iron screws, aeep impressions ; regular 
designs, bordered by a truly artistic framing of bas-reliefs, or medallions, are thus oblained between 
the faces of this kind of large embossing machine. At the moment when the presBure produces its 
effect, steam, under a pressure of four atmospheres, is injected into eacbPof the two chests, so as to 
raise the temperature throughout the whole mass during one hour and a half to 284°. When 
Buffidently cooled, the screws are loosened and the caoutchouo removed. 

It is poedble in practice to obtain carpets two, three, or even twenty-five times this length, by 
eontinuing, one after the other, two, three, or twenty-five similar impressions upon the same shot t 
of oaoutdK>uc Care must be taken, in joining the moulds, to leave the contiguous portions exposed 
to the air, to avoid vulcanizing them a seoo^ time^ which would render such parts of the carpet 
too hard. 
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The paste should be formed with 50 parts of caoutchono, 15 of ravelled Hnen, 25 of oxide of zinc, 
4 of sulphur, 5 of lime, and 6 of chalk. The 5 parts of lime serve to absorb the hydrosulphuric 
acid which is oontinually generated during the sulphuration, and to prevent this gas from causing 
flaws. The sticking of the moulds may be prevented by rubbing their surfaces before each 
pressure with a greasy cloth, or moistening them with soapy water. 

The Manufacture of Machine Belts, — The following is the method employed by Aubert and 
Gerard in the manufacture of strong machine belts. The raw caoutchouc Bucoessively dipped in 
warm water, passed through the crushing machine, washed, dried, and agglomerate!, then well 
kneaded with '05 of its weight of finely-powdered sulphur between cylinders heated internally bv 
steam to 120^ or 140% gives a very homogeneous paste, which is spread over a stout linen cloth 
and made to penetrate all its interstices by means of a machine called a Spreader, Fig. 4202. This 
machine is composed of three hollow cast-iron cylinders. A, B, C, of equal diameter, heated inter- 
nally by steam introduced through the axis of a hollow spindle turning in a 
stutling box; these cvlinders are each furnished with a cog-wheel. Motion 
is imparted to the cylinder B, and transmitted by its toothed wheel D to each 
of the other wheels £, E' : the diameter of each of which is double that of the 
wheel D. It follows from this arrangement that the cylinder B turning 
twice as fast as each of the other two, the stout cloth, 1 metre in breadtli and 
10 to 50 metres in length, which passes between these cylinders receives the 
caoutchouc paste with so great a iriction that it is penetrated by it, and the 
sheets thus prepared being placed one upon another, in number from three 
to ten, and pissed between the heated cylinders of a rolling press, are 
formed into a solid mass. They are then cut up by a machine-raiife accord- 
ing to the size of the wheels which they are intended to drive. To give 
them greater strength, and to sender their edges smooth, they may be 
enveloped in a cloth prepared in the same manner and the joint covered with 
a narrow strip, which will render the whole envelope solid with the sub- 
jacent tissues. 

Vulcanization is then effected by placing the belts in wrought-iron moulds 
forming a rectangular groove, which has c^n previously soaped, and which 
then receives an equally smooth plate of iron extending 10 or 12 milli- 
metres beyond it. All the moulds thus filled are placed upon the lower 
chest of the vulcanizing press previously described. When the whole of 
the surface of this is covered with moulds the upper chest is lowered, by 
means of an endless screw working into the two cog-wheels which turn the 
screws of this press, and during the time that the pressure is exerted the 
temperature in the moulds is raised, by steam under a pressure of four 
to five atmospheres, to 284°. Under these .conditions an hour suffices to 
vulcanize the belts. Then the upper chest is raised, the belts withdrawn from the moulds, 
and replaced by a second length in the same moulds. This second length is vulcanized in the 
same manner as the first, and the process is repeated until the whole length of belt has been 
vulcanized. 

As contact with the iron distributes the heat rapidly, the time necessary for vulcanizing is, 
comparatively with vulcanizing by confined steam, aiminished by one-half, from one hour to one 
hour and a half, instead of two hours to two hours and a half. The extremities of the moulds are 
slightly hollowed out, in order that in changing the place of the belt it may not be found twice 
vidcanized near the line of demarcation. 

Hard India-rubber. — About the year 1848 a branch of industry was founded in America by 
Groodyear, in which advanta^ was taken of the properties of caoutchouc hardened by its combina- 
tion with sulphur, in proportions much larger tnan those which constitute the compound known 
under the name of Vuhanized India-rubber, 

The following is the method of preparing this substance ; — 

The raw materials are obtained from the products of a cheap and inferior quality, imported from 
Java and India in blocks containing foreign matters requiring a special purification. The lumps, 
more or less voluminous, of this raw caoutchouc, are put into tanks containing water whicli is kept 
at a temperature of from 110° to 120° during thirty-six to forty-eight hours. When these are 
sufficiently softened, they are cut up by means of a large and sharp tiiin-bladed knife into pieces 
of about 1 kilogramme in weight and between 6 and 12 centimetres thick. These pieces are 
crushed and kneaded between two cylinders slightly wetted, turning in contrary directions, the 
one making one revolution, the other two-thirds of a revolution a minute. The strips thus obtained, 
rough and full of holes, are next torn into small shreds by means of a machine similar to that em- 
ployed for preparing the pulp in the manufacture of paper. When the continuous flow of water in 
this machine has entirely eliminated the earthy and other foreign matters, the caoutehouc is lifted 
out in a kind of floating pulp, and dried upon cloths fixed in frames ; care must be taken not to 
raise the temperature of the current of air to a degree which would render the caoutehouc adhesive 
and cause it to retain a portion of the water. 

The dried substance is then kneaded for about an hour by bein^ made to pass several times 
between two cylinders, heated by an injection of steam to between 120^ and 140 . 

The pasty consistency of this mass admite of the easy incorporation with each 100 kilogrammes 
of caoutehouc of 50 of stone sulphur, reduced to powder and pcuBsed through a brass sieve No. 90 to 
100 or 110 (that is to say, showing, when viewed under a lens, 90 to 110 threads upon each side of a 
square of 27 millimetres). 

The sulphur being intimately blended and uniformly spread throughout the mass, the cylinders 
are brought closer together by means of regulating screws acting upon the bearing blocks, so as to 
reduce the paste to a sheet of the required thickness (of 2 to 7 millimetres, but more usually of 3 to 
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4 millimetres) for tlie manufacture of oomba and common articles ; the sheet is out up according as 
it is rolled, into tablets of 40 centimetres in breadth and 60 centimetres in leng^. 

These soft tablets are received upon frames, upon which is stretched moistened canyas, and 
plunged into warm water at about 80^, in order to take ofif the excess of heat and render them moie 
firm, and to effect the contraction which otherwise would be produced at the moment of vulcanicing. 
and which would detach them from the sheets of tin or of ^lass. They are then dried and placed 
upon sheets of tin or glass, previously covered with a thin layer of lard ; then, to ensure their 
contact, a very smooth iron roller is passed over it, and, to prevent theisaoutchouc from sticking to 
the roller, the latter is powdered with silicate of magnesia (talc). 

After remaining twenty-four hours in a horizontal position, which increases the consistency of 
the tablets, the plates thus charged are placed upon iron frames mounted on a bed-plate which 
keeps them in a position inclined at about 45^, in order, on the one hand, that the tablets may not 
run as they become soft during the sulphuration, and, on the other himd, that the drops of con- 
densed water may run off without staying on the paste. 

The bed-plates, mounted upon wheels, are run upon rails into a stout plate-iron cylinder, 
1 mbtre in diameter and 6 metres in length. 

This is closed by a kind of door of cast iron having a circular flange, which, fits into a groove 
round the edge of the cylinder half filled by a roll of supple alkaline caoutchouc mixed with * 25 
of tow. The door being firmly closed, steam is injected tnrough a pipe full of holes fitted to the 
bottom throughout the^lrhole cylinder. 

The steam, furnished by a boiler under a pressure of five atmospheres, is gradually distributed 
so as to raise very slowly, in two or three hours, the temperature in the interior of the cylinder to 
275°. 

This temperature is maintained for seven hours. 

If tablets of caoutchouc of 10 to 12 millimetres thick had been employed, it would have been 
necessary to raise the temperature more slowly, say in four hours, to 275^^, and to keep it there during 
eight hours. 

The injection of steam is then stopped, and they are allowed to cool slightly, after which the 
air is readmitted into the cylinder. The door may then be removed, the frames withdrawn, and 
when completely cold the caoutchouc lifted off, the tablets havhig become very firm by the combi- 
nation of the sulphur with the caoutchouc. If the proportion of sulphur were augmented, or if the 
temperature were raised too high, the product would oecome harder, but it would be too fragile. 
It has been proved that by mixing an excess of sulphur a hard and brittle compound can be 
obtained, containing '48 of sulphur combined; whilst hard india-rubber of good quality should 
contain only *S3 of sidphur. 

Diuing the sulphuration in the cylinder, the steam in condensing falls in drops of water upon 
the yet soft tablets. The water bringing with it the rust (oxide of iron) formed upon the inner 
surface of the cylinder, these substances often penetrate deep enough to form bubbles and faults 
in the thickness of the tablets, and so lessen much the value of the Articles made from them. 

A method could probably be devised to prevent these defects, either by maintaining the pieces 
of caoutchouc in a vertical position between two sheets of tin, or by placing, above the bed-plate 
which carries the inclined names, two sheets of tin in the form of a riage-roof ; a roof of this kind 
would receive the drops of water from above and would cause them to drain off beyond the tablets. 

After the tablets are manuHeMTtured, they are employed principally as- raw materials for combs. 
For this purpose the tablets are cut into the usual forms by means of a narrow saw, called a fret- 
saw, which follows the outlines already traced by a steel point. The pieces thus cut up are thinned 
towards one of their edges, like a sword blade, by means of planes, ana further smoothed by rubbing 
them on a slate. The teeth are then cut by a circular saw. Nothing then remains but to polish 
them, which is easily accomplished by rubbing them with a mixture of powdered pumice-stone and 
tallow. 

Pieces of various shapes may be sawn out, turned, or planed, and then easily bent, by dipping 
them for some minutes into boiling water, or by heating them in a stove. If they are plunged into 
cold water after they are bent, they will immediately set in the acquired form. 

The thick sulphured paste of caoutchouc may easily be spread upon bronze moulds, bas- 
reliefs, and these medallions afterwards exposed in the steam-cylmder to the temperature of 275° ; 
when cold they retain the acquired forms, with the polish of the moulds. 
INDICATOR. Fr., Indicateur ; Ger., Indicator; Ital., Indicatore. 

The steam-engine indicator is an instrument for asceitaining the pressure of the steam in the 
cylinder of steam-engines, and the law. of its variation during expansion, and during a double 
stroke of the piston. The instrument was invented by Watt and improved by MaoNaught In its 
simplest form, it consists of a small hollow cylinder A A, Fig. 4203, which may be screwed upon 
the head of the cylinder of the steam-engine ; steam is let into it by means of the cock B. A 
piston, the rod of which is visible through the longitudinal aperture //, works in this cylinder 
A A, and through the upper end. The r^ is surrounded with a spiral spring fixed to the small 
piston and to the upper end of the cylinder A A. The steam, in virtue of the pressure which it 
exerts upon the small piston, compresses this spring ; and, if the spring is carefully made, the 
quantity by which it is compressed in the vertical direction is proportional to the pressure exerted, 
upon the small piston ; so that the pressure in the cylinder of the engine is measured by the 
quantity by which the small piston rises above its initial position, which position answers 
to a pressure of o, or to an absence of pressure. This displacement of the small piston is measured 
on the outside by means of a style t K, fixed to the rod by a stud projecting through the longitudinal 
opening. The end •', of this style moves over a divided scale fixed to the cylinder, and this gives 
the measure of the pressure. 

The instrument is very valuable, even when reduced to the parts which we have just described, 
as it enables us to ascertain the pressure in the steam-cylinder, a pressure that is always 
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coneiderably less than that exerted In the boiler, and which is meaBored by the gauge. But the 
improvements which have been made in it enable it to register the yariationB of preabure, and to 
express the law of the variations by a cnrve. The following description 
will show how this is done ;— Upon a support fixed to the cylinder A A, 
is a drum T, revolving about its axis and having a strip of paper rolled 
round it A groove on the lower end of this drum holds a cord which passes 
over a pulley p, with a horizontal axis and fixed upon the same support, 
and is carried up vertically to a horizontal arm^r stud on the engine piston- 
rod. It follows from this that the drum turns upon its axis by a quantity 
proportiouid to the displacement of the piston of the engine. A spring, 
similar to the main-spring of a watch, fixed inside to the side of the dnui 
and to a fixed point, beinc compressed during the rotation of the drum, 
corresponding to the upward stroke of the engine-piston, brings back the 
drum to its original position during the downward stroke. To the end K 
of the style t K, is fitted a pencil, which makes an obtuse angle with the 
style, and the point of which rests upon the drum. During the aimulta- 
neons motion of the small piston and the drum, this pencil traces upon the (o 
surface of the latter a curve wliich expresses the law of the variation of ^" 
the pressure in the engine-cylinder ; for the displacements of the pencil in 
the vertical direction, reckoning from the position corresponding to a pi^- 
sure of o, are proportional to the pressure, and the rotation of the drum is 
proportional to the distance 'traversed by the engine-piston. 

The arrangement we have described supposes that the circumference of 
the groove of the drum is at least equal to the stroke of the piston ; but as 
this condition cannot always be conveniently fulfilled, the cord on coming 
from the groove is made to pass first over a little windlass moving with 
the pulley p, and having the same axis; a second cord, attached to the 
groove of the pulley, to which a sufficiently large radius may be given to make its circumferenoe 
exceed the stroke of the piston, is carried up vertically and fixed to the engine-piston in the way 
described above. By this means the indicator may be applied to widely-different strokes. 

If the sheet of paper which was rolled round the drum be unrolled after the experiment, 
we obtain a curve or diagram similar to Fig. 4204, and representing the law of the variation of 
the pressure during a dom>le stroke of the piston. 
In a previous experiment, and before the indi- 
cator was screwed upon the cylinder of the engine, 
the drum was turned, and the pencil traced the 
horizontal straight line O X, which corresponds 
to a pressure of o, since the pressure of the atmo- 
sphere was then acting upon ooth ends of the little 
pistoiL The straight line DH was also drawn 
corresponding to one atmosphere, which is very ^ 
easy, knowing the compression to which the spiral 
spring is subjected under the pressure of a given weight Then let M P bo the ordinate of any 
part of the curve with respect to O X, which ordinate meets in I the horizontal D H. The ratio 
of M P to I P will express the ratio of the pressure of the steam in the cylinder to the pressure of 
the atmosphere, for theposition of the piston corresnonding to a fraction of the stroke marked by 
the ratia of O P to O X (O X being the whole stroke). Instead of expressing the pressure by a 
ratio, it may be expressed by a number of kilogrammes to the square centimetre, by merely 
choosing a scale in which I P shall represent 1^*033, or by a number of pounds to the square inch 
by making the corresponding suppositions. 

It will be seen by a reference to the diagram that the portion A B corresponds to the period of 
admission of the steam into the cylinder. The portion BMC corresponds to the period of expansion ; 
the pressure, which was greater than that of the atmosphere, becomes equal to it for the position of 
the piston corresponding to the point K, after which it becomes less. The portion G N D corre- 
sponds to the period of emission during which the pressure is that of the condenser. This latter 
portion of the curve joins itself to the mrdt at the end of this second stroke, and the diagram is the 
closed curve. When a certain advance is given to the admission or the emission, every circumstance 
of the motion is represented by the diagram. 

This diagram enables us also to calculate the work corresponding to a stroke of the piston. 
Since the ordinate M P expresses the pressure, and the abscissa O P the distance passed over, the 
work of the steam upon the piston during a stroke is represented by the area O A B G X O. But 
for a similar reason, the work exerted upon the same face of the piston during the following stroke 
is expressed by the area O £ N G X O. Gonsequently, the work developed upon the piston during 
one stroke is the difference of the two preceding, that is, it is expressed by the area comprised in 
the closed curve forming the diagram. This area may be computed by means of the planimeter, or 
by an approximative formula. 

The form of steam-engine indicator formerly in general use was the MacNaught Indicator, just 
described, in which the piston and its guiding rod have the same range of motion as the pencil ; 
but as the piston and rod were necessarily made quite heavy, and their range of motion extensive, in 
order to produce delineations on a sufficiently large scale, the momentum of these parts was so great, 
and the tremulousness of the spring so considerable, as to render the instrument unserviceable for 
application to engines having rapid movements. These defects have been remedied in the 
Richard's Indicator, the invention of Ghaa. Richards, of Gonnecticut, U.S. 

Fig. 4205 is a plan of this instrument ; Fig. 4206 is a side elevation ; Fig. 4207 is a vertical section 
through the centre of the spring-ksase A ; and Figs. 4208 to 4211 show parts of the instrument in detaiL 
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A ia a cylindrical case containing a small steam-cylinder B, in which moves a piston G. 
the moyements of which are regulated by a spiral spring D. These parts are constructed and 
arranged in a manner similar to, out are much shorter than the corresponding parts of, an ordinary 
MaoNaught indicator, making delineations on the same scale. To the outside of the case A is 
secured a ferrule E, an arm from which supports a cylindrical paper-holder F, which, in con- 
struction and arrangement, is similar to the iMiper-holding drum of a MacNaught indicator, and it 
receives the proper reciprocating movements in the same manner. Around the upper part of the 
case A is a ferrule O, to which are attached two arms H and J, one of which, J, supports the 
fulcrum pin K of a light lever L, the extreme end of which lever is jointed to the end of a lever or 
link M, the opposite end of which is jointed to the extremitv of a delicate lever or radius bar K, the 
fulcrum pin O of which is supported by the arm H. To the lever L, at a point distant from 
its fulcrum K, about one-fourth of the length of the lever, the rod P of the piston G is connected by 
means of a forked link Q, which is jointed by a knuckle B to the upper end of the rod P. In the 
centre of the link M is a holder for the pencil 8, which receives from the piston G, through the 
l»ver L, a range of perpendicular motion about four times greater than that of the piston, and 
the levers L and N are so proportioned and their fulcrums are so adjusted that the marking-point 
of the pencil S is caused to move in a straight line in the same manner that the parallel motion of 
a steam-engine causes the end of the piston-rod to move in a straight lino. The movements of the 
lever are indicated in Fig. 4206. 

The indicators made by Elliot Brothers, London, the sole manufacturers in England, are of a 
nniform size; the area of the cylinder is one-half of a square inch, its diameter being *7979 of an 
inch. The piston is not fitted quite steam-tight, but is permitted to leak a little ; this renders its 
action more nearly frictionless, and does not at all affect the pressure on either side of it. The 
motion of the piston is |4 of an inch, and the motion of the pencil, or extreme height of the diagram, 
is 3| in. Tiie paper cylinder is 2 in. in diameter, and the length of the diagram may be 5^ in., if 
this extent of motion is given to the cord. The diagram is drawn by a pointed brass wire on 
metallic paper. This is a g^reat improvement over the pencil ; the point lasts a long time, cannot 
be broken off, and is readily sharpened, and the diagram is indelible. The steam-passage has two 
or three times the area usually given to it. The stem of the indicator is conical, and fits in a corre- 
sponding seat in the stop-cook, where it is held by a peculiar coupling. The leading pulleys may 
be turned by some pressure to give any desired direction to the cord, and will remain where they 
are set. 

The Springs, — ^In order to adapt this indicator for use on engines of every class, springa are 
made for it by Elliot Brothers to ten different scales, as follows ; — 

No. 1, ^in. motion, shows 1 lb. pressure on the sq. in. ; indicates from — 15 to + 10 

»» 2, -^ff „ „ »» *9 w "" 15 „ + 22*5 

•» °> "At »f »» M »» n "■ 1" »> + 85 

i» »» Tft t» »» »» »» »> ^ 15 „ + 47 

»» ^» "^ " >» " »» »» "~ 15 „ + 60 

„ 6, is „ „ „ „ „ Atmosphere to + 80 

n 7, "jij ff If n »i It II » "i" ^^ 

II o, -^ „ tf »t n n II n T l^** 

II "> "fg II II II II II II II "T" *w 

II 10, -j^ „ n It n II II II T I • ** 

Most of the scales are multiples of 8, and the common rule will measure the diagrams, if the 
proper scale is not at hand. It will be observed that the five higher scales do not indicate the 
vacuum. These are so made for the following reasons ; — The far greater number of engines which 
work steam at high pressures do not condense ; and, moreover, at these pressures, the scale of the 
indication necessarily becomes small, while it is always desirable to show the vacuum on a large 
scale. Spring No. 1 mav be employed to indicate the vacuum in engines which work steam at high 
pressures and with condensation. It can be readily substituted in tlie indicator, and the diagium 
given by it will be on a satisfactory scale. It is provided with a stop, which prevents it from being 
compressed too much, so that a high pressure of steam wiU not injure it. Moreover, the vacuum 
being omitted from the scales, which go above 60 lbs., the entire range of the pencil is available for 
the pressures above the atmosphere, which are therefore shown on a somewhat larger scale. The 
springs indicating pressures above 60 lbs. will be made, however, to indicate the vacuum also when 
so ordered. 

The springs are tested with a highly sensitive apparatus, designed expressly for the purpose, 
and are corrected for a temperature of 212°, which is the temperature at which they will work under 
almost all circumstances, and at which their accuracy is g^iaranteed. 

We extract from Gharles T. Porter's work on the Indicator the following practical directions for 
applying the instrument 

Attaching the Indicator. — When it is practicable, diagrams should be taken from each end of the 
cylinder. The assumption commonly made, that if the valves are set equal, the diagram from one 
end will be like that from the other, will be shown by this instrument to be erroneous. This 
is owing to the difference in the speed of the piston at the opposite ends of the cylinder, which is 
at the outer end of a direct-acting engine, from 85 per cent, to 66 per cent, greater than at the crank 
end, the difference varyiner according to the- degree of the angular vibration of the connecting rod. 
In side-lever or beam engines these proportions are reversed, and the speed of the piston is greater 
at the upper end of the cylinder. Often also there is a difference in the lengths of the thorough- 
feres, and in the lead, or the amount of opening, or the point of closing ; and many times the valves 
are supnosed to be correctly set, when this indicator will show that thev are not. These and 
many other oanses will make a difference in the diagrams obtained from the opposite sides of the 
piston. 
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One use of the indicator ia in fact to show whether or not the diagrams from opposite ends of 
the cylinder are alik& 

Pipes to he avoided, — The indicator should be fixed close to the cylinder, especially on engines 
working at high speeds. If pipes must bo used, they should not be smaller than 4 m. in diameter and 
4 in the bends, and as short and direct as possible. Any engineer can satisfy himself with this 
instrument that each inch of pipe occasions a perceptible fikU of pressure between the engine and 
the indicator, varying according to its size and number of bends and the speed of the piston. 
Diagrams have been known to show, from this cause alone^ 40 per cent, less pressure than was 
aotiully in the cylinder. Probably the diagrams taken from engines generally show in nine cases 
out of ten the lead or the pressure or both untruly, from the incorrect manner in which the instru- 
ment is attached. 

Where to connect the Indicator, — On vertical cylinders, for the upper end, the indioator-oock is 
usually screwed into the cover. Sometimes it is attached where the oil-cup is set, this being 
removed for the purpose. For the lower end, it is necessary to drill into the side of the cylinder, 
at a convenient point in the space between the cylinder bottom and the piston, wlicn on the centre, 
and screw in a snort bent pipe, with a socket on the end to receive the indicator-cock. The indi- 
cator can be used in a honzontal position, but it will be found much more convenient to put in a 
bent pipe, and set it vertical. Sometimes it will be neces&iry to drill in the side of the cylinder, 
at the upper end also, especially in double-cylinder engines having parallel motions, when the indi- 
cator caxmot generally be set on the covers. Care must be taken that the piston does not cover the 
hole when on the centre. No putty is necessary to make these small joints, and it should never be 
used, as it is liable to clog the instrument. If the screw fits loosely, a few threads of ooUon wound 
round the stem will prevent the escape of steam. 

On horizontal engines, the best place for the indicator is on the top or upper side, at each end ; 
if it cannot be placed there, bent pipes may be screwed into the covers or into the side of the 
cylinder. In other xespects follow the directions given for vertical engines. The indicator should 
never be set to communicate with the thoroughfares. The current of steam post the end of the 
pipe or the hole reduces the pressure in tne instrument* and the diagram given is utterly 
worthless. 

The stop-cook being screwed firmly to its place, screw the indicator down to its seat, turning it to 
the most convenient position, and make it fiist by turning the coupling; then move the guiding 
pulleys to their proper position to receive the cord, and the instrument is iu readiness for use. 

Giving Motion to the Paper. — The motion may be taken from any part of the engine which has a 
motion coincident with that of the piston. For a beam-engine, a point on the beam or beam- 
centre, or on the parallel-motion rods where these are employed, will g^ve the proper motion ; but 
care must be taken that the cord be led off in the right direction — a requirement which is some- 
times overlooked ; afterwards its direction of motion may be changed as required. 

In some cases it is most convenient to take the motion from a point on the end of the revolving 
shaft ; this is frequently the case on horizontal engines working at high speeds, because then the 
motion does not need to be reduced. Eiact accuracy cannot be got in this way, however, without 
employing a moving slide, and connecting it with the pin in the end of the shaft by a rod or cord 
of such length that its angular vibration shall be the same as that of the connecting rod. This will 
be found generally a troublesome matter ; and the engineer will probably prefer in most cases to 
disregard the error resulting from its omission, which is, that the motion of the paper will be more 
nearly equal at the two ends of the stroke, being slower than that of the piston at the one end, and 
faster at the other. The crank or pin from which the cord receives its motion must be on its centre, 
relatively to the direction of the cord, whatever that direction may be, precisely when the crank of 
the engine is on its centre. If this requirement is not ocunsfully atteooed to, the diagram will be 
worthless. 

Generally, on horizontal engines, the motion of the paper is taken from the cross-head. In an 
engine-room, a strip of deal board may be suspended from tne ceiling in such a manner as to permit 
it to swing backward and forward edgeways by the side of tiie guides, and motion may be given io 
it by a pin, seoiued firmly to the oroes-head and projecting through a slot in the board, in which it 
should fit nicely to prevent lost time on the centres. The board must hang plumb when the piston 
is in the middle of its stroke. The cord may be connected to this strip of boara at a point sufficiently 
near to its point of suspension to give the required reduction of motion for the paper, and must b« 
led off in a horizontal direction, and then over one or more pulleys in any required direction to the 
indicator. At high speeds, however, puUevs should be avoided. On portable engines, the motion 
may be obtained in the manner just describedj the lever swinging from a pin supported in a stan- 
dani about 2 ft. in height, set on one of the guide-bars. 

On locomotives having outside connections the motion must be taken from the cross-head. It is 
indispensably necessary to use only a short direct cord, free from elasticity, and connected to a point 
the motion of which is reduced from that of the cross-head by positive means. Care must be taken 
also so to proportion the parts employed for this purpose, that the point at which the cord is con- 
nected shall have a positive motion without any fiing, a matter not by any means free from difficulty 
at 250 revolutions a minute. A rock-shaft, turning in bushings, supported by two angle-iron stan- 
dards, precisely over the mtd-position of that point of the cross-head from which the motion is 
derived, affords perhaps the best means of reducing the motion. A long arm is worked by the 
oross-head, and a short ann gives motion to the cord. The short arm must be keyed in such a posi- 
tion that when the piston is in the middle of its stroke it will stand at right angles with the direc- 
tion of the cord, whatever that mav be. The direction of the cord may form any necessary angle 
with the horizontal line, but must be at right aneles with the rook-shaft. 

On locomotives having inside connections and a single pair of driving wheels, where it is prac- 
ticable^ it will be found to be the better way to faike the motion from a pin set in the end of the 
shaft, and to oommonicate it by a connecting rod to a point oonvenient for attaching the cord. The 
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parts should be all snbBtantially made; the momentum of the connectiiig rod wiU be perfectly 

resisteil by the pin. , . . 

On oscillating engines, the motion may be taken from the brasses at the end of the piston-rod. 
If the stroke is long, it is sometimes ditUcnlt to reduce this motion to that required for the pep|er, 
and in such cases it is necessary to take the motion from an eccentric on the main shaft to a point 
as near as possible to the trunnion, and thence to oommimicate it to the indicator. In all these 
connections, it is of the first consequence that there be no lost time, which wiU require to be made 
up on every centre, and will thus cause the paper to stand still while the piston is moying. 

Pulleys of different diameters on the same spindle have been often used as a means of reducing 
the motion from that of the cross-head, but we do not recommend them; at high speeds it is very 
difficult to make them answer. 

How t > take a Diagram.— To fix the paper, take the outer cylinder off from the instrument, secure 
the lower edge of the paper, near the corner, by one spring, then bend the paper round the cylinder, 
and insert the other comer between the springs. The paper should be long enough to let each end pro- 
ject at least } an inch between the springs. Take the two projecting ends with the thumb and finger, 
and draw the paper down, taking care that it lies quite smooth and tight, and that the comers come 
fairly together, and replace the cylinder. The spring used on this indicator for holding the paper 
will be found preferable to the hinged clamp. A little practice, with attention to the above direo- 
tions, will enable anyone to fix the paper very readily. 

The marking-point should be fine and smooth, so as to draw a fine line, but not cut the paper. It 
may be made of a brass wire ; the beet material is g^n-metal, which keeps sharp for a long time, 
and the line made by it is very durable. Lines drawn by German-silver points are liable to fade. 
A large-sized common pin, a little blunted, answers for a marking-point very well indeed ; a small 
file and bit of emery cloth used occasionally will keep the point in order. 

To connect the Chrd. — The indicator having been attached, and the correct motion obtained for 
the drum, and the paper fixed, the next thing is to see tiiat the cord is of the proper length to bring 
the diagram in its right place on the paper, that is, midway between the springs which hold the 
piper on the drum. In order to connect and disconnect readily, the short cord on the indicator is 
furnished with a hook, and at the end of the cord coming from the engine a ranning loop may be rove 
in a thin strip of metal, so that it can be readily adiusted to the proper length, and taken up from 
time to time, as it may become stretched by use. On high-speed engines, it is as well, instead oi using 
this, to adjust the cord and take up the stretching, as it takes place, by tying knots in tiie cord. If 
the cord becomes wet and shrinks, the knots may need to be untied, but this rarely happens. The 
length of the diagram drawn at high speeds should not exceed 4^ in., to allow changes in the length 
of the cord to tuke place to some extent, witliout causing the drum to revolve to the limit of its 
motion in either direction. On the other hand, the diagram should never be drawn shorter than is 
necessary for this purpose. 

7b take the Diagram. — Ever3rthing being in readiness, turn the handle of the stop-cock to a 
vertical position, and let the piston of the indicator play for a few moments, while the instrumf nt 
becomes warmed. Then torn the handle horizontully to the position in which the conmiunication 
is opened between the under side of the piston and the atmosphere, hook on the cord, and draw the 
atmospheric line. Then turn the handle back to its vertical position and take the diagram. 
When the handle stands vertical, tho communication with the cylinder is wide open, and cnre 
should be observed that it does stand in that position whenever a diug^m is taken, so that this 
communication shall not be in the least obstructed. The instrument is provided with a stop, to 
prevent the marking-point from tearing the paper. The arm is to be pressed firmly up to tiiis 
stop. If the line drawn is faint, the point must be screwed up, and bacK if the line is too heavy. 
The elasticity of the parallel arms gives the light pressure required on the paper. As the hand of 
the operator cannot follow the motions of an oscillating cylinder, it is necessary that the point be 
held in contact with the paper by a light spring, and instruments to be used on engines of this 
class are furnished with an attichment for this purpose. 

Diagrams should not be taken from an engine until some time after starting, so that the water 
condensed in warming the cylinder, &c., shall have passed away. Water in the cylinder in excess 
always distorts the diagram, and sometimes into very singular forms. The drip-cocks should be 
shut when diagrams are being taken. 

As soon as the diagram is taken, unhook the cord ; the paper cylinder should not be kept in 
motion imnecessarily, it only wears out the spring, especially at high velocities. Then remove the 
paper, and minute on the back of it at once as many of the following particulars as there are 
the means of ascertaining ; — 

The date of taking the diagram, and scale of the indicator. 

The engine from which the diagram is taken, which end, and which engine, if one of a pair. 

The length of the stroke, the diameter of the cylinder, and the nxunber of double strokes a minute. 

The size of the ports, the kind of valve employed, the lap and lead of the valve, and the 
exhaust lead. 

1 he amount which the waste-room, in clearance and thoroughfiEaes, adds to the length of the 
cylinder. 

The pressure of steam in the boiler, the diameter and length of the pipe, the size and position 
of the throttle, if any, and the point of cut-off. 

On a locomofive, the diameter of the driving wheels, and the size of the blast orifloe, the 
weight of the train, and the gradient, or curve. 

On a condensing engine, the vacuum by the gauge, the kind of condenser employed, the 
quantity of water used for one stroke of the engine, its temperature, and that of the ducharge, 
ihe size of the air-pump and length of its stroke, whether single or double acting, and, if driven 
independently of the engine, the number of its strokes a minute, and the height of the barometer. 

The description of boiler used, the temperature of the feed- water, the consumption of fuel and 
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of water ao hour, and whether the boilers, pipes, and engine are protected from Iota of heat by 
radiation, and if so to what extent. 

In addition to these, there are often special circumstances which should be noted. 

How to change the Springs, — Unscrew the coupling from the end of the piston stem, the oorer 
from the cylinder case, and the spring from the piston and cover, introduce the new spring, and 
■crew all firmly up again. 

The lengths of the springs for the different scales are so proportioned to each other, that the 
pencil will always come to the proper position for drawing the atmospheric line. In putting in 
the spring No. 1, the head from wnich the barrel projects to stop the compression of the spring 
should be screwed to the cover and not to the pistmu Be careful that the heads are screwed up 
firmly to the piston and cover. 

The spring which gives reaction to the paper cylinder is liable to break after considerable use, 
especially on engines running at high speeds, for which reason this cylinder should never be left 
to run unnecessarily. When breakage occurs a new spring can be readily substituted, as follows. 
Set the indicator on the engine, if there is no other convenient means for holding it firmly, and 
remove the cover of the spring-case and the broken spring. Then hook the new spring on to the 
hook projecting from the terrule on the arbor, coil it into the case, and hook the end on the rim ; see 
that it is coiled in the same direction with the cord. If the spring has not sufficient strength to 
keep the cord quite tight, another coil must be given to it, but it should not be coiled any tighter 
than is necessary for tnis purpose. 

Uee of the Via /ram, — The custom was introduced by Watt, and has since been generally 
followed in England, to designate the size of engines, in measures of horse-power. Watt ascer- 
tained by experiment that the power of London draught horses, exerted with ordinary continuance, 
was to lut 33,000 lbs. one foot in a minute, and this is now employed, wherever English measure- 
ments are used, as the unit of measurement of the actual power of steam-engines. 

When this measurement was introduced, steam was used only at the atmospheric pressure, or 
14*7 lbs. on the square inch, of which 4*7 was considered to be lost by imperfect condensation, and 
3 lbs. by the friction of the eng^e, leaving 7 lbs. for effective pressure upon the piston, and the 
speed of piston employed was a^ut 220 ft. a minute. At the present day, pressures are employed 
vaiying nom one to ten or twelve atmospheres, the former, however, being now rarely met with, 
and the speeds of piston range from 220 to 1000 ft. a minute. Originally, the number of horse- 
powers dejQned at once the size and the power of the engine ; but when a variety of pressures 
and speeds came to be employed, the same expression could no longer answer both of these 
purposes, and a distinction was introduced and still prevails betwe^ the nominal and the actual 
horse-power, the former being applied to th size of engines, irrespective of the pressure or speed 
employed, and the latter to the power which 
they exert. The term nominal horse-power 
has, moreover, acquired a varietv of signifi- 
cations in different localities, and it has be- 
come difficult to tell, in any case, precisely 
what is meant by it. 

The indicator furnishes one of the data 
for ascertaining the actual power exerted by 

the steam-engine; namelv, the mean or . 

average pressure of steam during the stroke, 

on each square inch of the piston ; or, more «-___^^ 

acouratelv, the excess of pressure on the 

acting side of the piston to produce motion, over that on the opposite side to resist it It is of 

no consequence, in this respect, what the ohsLracter of the diagram may be, whether most wasteful, 

4213. 
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like the one shown in Fig. 4212, or most economical, like Fi^. 4213. For the purpose of muu* 
taining the power exerted, we have merely to measoie iti mduded area, aaa to get the mean 
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pressnre on a sqtuure inch during the etroke, which this area represents. This pressnre beins 
multiplied into the whole number of square inches, and the product by the mean or average speed 
of the piston, in feet a minute, giyes the total number of pounds of force acting through one foot 
in a minute, and by dividing this by 83,000, we obtain the gross power of the engine in actual 
horse-powers. The English unit of force is the foot-pound ; and 33,000 foot-pounds exerted in ono 
minute make a horse-power. 

In order to ascertain the effective power, however, there must be deducted from the gross power 
the friction of the engine, or the power required to drive the engine alone at the same speed, 
which, except in the case of vessels with the wheels submerged, the indicator generally enables us 
to ascertain ; and also the increase in this friction wliich arises when the resistance is being over- 
come, which the indicator does not show. The amount of this latter is not generally known with 
any accuracy ; but we kiow that the percentage of loss from this cause diminishes as the size of 
the engine is enlarged, because the increase in the motion of the surfaces in contact is much 
slower than the increase in the area of the piston, and also that it varies according to the nature 
of the lubricating material employed, and the degree of completeness attained in the separation of 
the surfaces by means of it. Five per cent, is usually allowed for this increase of friction, but it 
may in fact be considerably more or less than this. On small engines, the fHction-brake can be 
applied, to sliow the amount of effective power exerted, and a comparison of this with the gross 
power, and with the friction of the engine alone, as shown by the indicator, will exhibit the 
mcrease of friction occasioned by different amounts of resistance, and show the value of different 
lubricants, and the utility of extended wearing surfaces. 

We will now describe the mode of ascertaining from the diagram the mean pressures on the 
opposite sides of the piston, in condensing and m non-oondensing engines. For this purpose, 
divi le the diagram into any desired number of equal parts, by lines drawn perpendicular to the 
atmojpherio line. Sometimes these divisions are made very numerous, but tne usual practice ia 
to make ten, which number is probably sufficient, unless great accuracy is desired, when twenty 
divisions may be made. A convenient instrument for facilitating tliis operation, saving time, and 
ensuring accuracy, is fumislied with these indicators. It consists of a parallel ruler, of eleven bars 
of thin steel, and a small squara A perpendicular line is first drawn by the square at one end of 
the diagmm, when, the outer edge of bar No. 1 being brought to this line, and the inner edge 
of bar No. II to the opposite end of the diagram, the dividing lines are drawn with a sharp-pointed 
pencil, or, on the me&llio paper, with a common pin. If twenty divisions are desired, the inter- 
mediate lines for this purpose will also be readily drawn by means of this instrument, points being 
first marked in the middle of the outer divisions. It is an excellent practice to divide the diagram 
into equal divisions, also, by lines drawn parallel with the atmospheric line, each division 
representing a certain number of pounds pressure, generally five or ten, and the lines being 
numbered on the margin according to the scale of the indicator ; by this means the engineer is 
able to observe much more aooumtely the general nature of the diagram. The same instrument 
may be employed for this purpose. 

On di'igrams from condensing engines, the line of perfect vacuum should be drawn at the bottom, 
and the line of the boiler pressure, as shown by tlie gauge, at the top. The line of perfect vacuum 
varies in its distance from the atmospheric line, or, mure correctly, the latter varies in its distance 
from the tormer, according to the pressure of the atmosphere, as shown by the barometer, from 
13*72 lbs. on the square inch when the mercury stanas at 28 in., to 15 lbs. when it stands 
at 30*6 in., and it should be drawn according to the fact, if this can be ascertained. The 
pressure of the atmosphere is usually reckoned at 15 lbs., which is too high, being correct only 
when the barometer stands at 30*6 in., a most unusual occurrence ; but the error is unimportant, 
and it is very convenient to avoid the use of a fraction, and to say that 30 lbs., 45 lbs., 60 Ins., 
so on, represent 2, 3^ 4, 5, 6 atmospheres of pressure. * 

The principal object of knowing the exact pressure of the atmosphere is to ascertain the duty per- 
formed by the condenser and air-pump. The temperature of the discharge being known, the pressure 
of vapour inseparable from that temperature is also known, and this being deducted from the actual 
pressure of the atmosphere, the remainder is the total attainable vacuum at that temperature. 

The areas of the diagram above and below the atmospheric line are miually calculated 
separately, to ascertain how effectually the resistance of the atmosphere is removed from the 
non-acting side of the piston, by those parts of the engine whose function this is. In case of 
engines working very expansively, however, the expansion curve crosses the atmospheric line, 
and sometimes at an early point of the stroke, as in diagram. Fig. 4213. In such cases, the whole 
space between the atmospheric line and the line of counter-pressure should be credited to the 
condenser and air-pump ; not, of course, to be considered in estimating the power exerted, but for 
ascertaining the degree of economy in the consumption of st^un, which depends greatly on the 
amount of vacuum maintained. 

Tht3 linea having been accurately drawn as above directed, ascertain, by careful measurement 
with the scale, the mean pressure in each division, between the atmospheric line and the upper 
outline of the diagram, until this crosses the former, if it does so : add these together, and point 
off one place of decimals, or divide their sum by the number of divisions, if there are more than ten, 
and the quotient will be the mean pressure above the atmosphere during the stroke. Then repeat 
the process for the area between the atmospheric line, or the expansion curve after it has crossed 
this line, and the lower outline of the diagram. Add the two mean pressures so ascertained 
together, then find the number of square inches in the surface of the piston, if the diameter 
is known, and multiply the pressure on one square inch by the number of square inches, and the 
product by the mean velocity of the piston in feet u minute, and divide by 33,000, and the quotient 
will be the gross number of horse-powers exerted : or the power represented by the two areas of 
the diagram, above and below the atmospheric line, may be calculated separately. 

The strictly accurate mode of measurement is, to measure the pressure of steam from the line 
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of perfect vacnnm, when the line of 15 lbs. pressure will come a little above the atmospheric line, 
but it is more conyenient, and answers all the purposes of the diagram better, to measure each 
way l^m the latter. 

The space above the steam line and between this and the line of boiler pressure shows how 
much the pressure is reduced in tiie cylinder by throttling, or by the insufficient area of the ports, 
proper allowance being made 
for the difference of pressure 
necessary to give the i^ 
quired motion to the steam 
in the pipe ; whilst the space 
between the line of counter- 
pressure and the line of 
perfect vacuum shows the 
amount of resistance to the 
motion of the piston. 

In illustration of the fore- 
going directions, let it be re- 
quired to find the effective 
power exerted by the pair of 
engines, from the upper end 
of one of which the diagram. 
Fig. 4213a, was taken^ the 
diameter of the cyhDder 
being 95 in., the stroke of 
the piston 10 ft., and the 
number of revolutions 15 a 
minute. We will assume 
that the other engine would 
have given the same diagram, which is possibly correct, and also that the lower ends of the 
cylinders would have given the same, which is probably quite incorrect, because in side-lever or 
beam engines the speed of the piston at the lower end is slower, and therefore probably the pressure 
obtained is greater than in the upper end, the motion of the valves being the same. 

The mean pressure of steam above the atmosphere was . . 98 * 2 + 10 = 9 ' 82 lbs. 
The average vacuum was 114*6 -i- 10 = 11*46 „ 

Total excess of pressure above the resistance was 21'28 „ 

The better mode of calculation in all cases is to obtain first the number of horse-powers for 
1 lb. of mean pressure on the square inch as follows ; — 

No. of square inches in the surface of the piston 7088 * 2 

Speed of the piston in feet a minute, 15 x 20 = 300 

21264600 
21264600 4- 33000 = 64*44 

No. of horse-powers exerted for each pound of pressure during the 

stroke on 1 sq. in. (^ the piston 64*44 

To obtain the gross power we multiply this by 21*28 
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Then the gross horse-powers exerted in one engine 

To obtain the effective power, we must subtract from 
the multiplier 

The pressure required to run the engine alone, which 
in so large an engine would probably not exceed . . 1 * 00 lb. 

And the increase in this pressure required to overcome 
the increased friction when the resistance is being 
overcome, say 5 per cent .. .. = 1*06 



1371*2832 



21*28 lbs. 



»> 



2*06 



» 



Effective pressure on each square inch 
Which multipUed by 



19*22 
64*44 „ 



»» 



c 1238*5368 



Given amount of effective horse-power 1238* 5368 

Which multiplied by 2 



Gives 

the effective power of the pair of engines. 



2477 * horse-power 



It will be observed that, by the above mode of calculation, we obtain for any engine, the speed 
of piston continuing the same, a constant number, which, multiplied by the mean pressure on a 
square inch, gives at once the amount of horse-power exerted at any time. 

On diagrams from non-condensing engines, the line of boiler pressure should be drawn at the top, 
and it is well to draw the line of pc^ect vacuum also, that the engineer may be able to see at a glance 
the quantity of steam consumed, and to compare with it the amount of work dona It is not possible 
that the back pressure resisting the motion of the piston shall be less than the pressure of the atmo- 
sphere, but it may be a great deal more, and very commonly in non-oondensing engines the line of 
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resistanoe is as much as 2 or 8 Ibe. above tbe atmoapherio line, though it is quite possible to avoid 
this excess altogether. 

The mean pressure is ascertained in the manner already directed for obtaining the pressure above 
the atmospheric line in condensing engines, and the power is calculated in the same way. 

In the same manner, on stationary engines, the power shown by the frictional diagrams can be 
calculated, and also the various powers shown bv diagrams taken when the shafting only is beings 
driven, and when greater or lesser proportions of the whole resistance are being overcome ; whilst 
on vessels the effects of different depths of immersion can be determined. 

So also the power required in non-condensing engines to overcome the resisianoe of the atmo- 
sphere is readily ascertained. 

It often happens, in non-condensing engines working expansively, that the expansion curve falls 
below the atmospheric line. In such cases the enclosed area below the atmospheric line must be 
deducteil from that above this line to give the power really exerted. 

Generally, engines will give the same figure at each revolution, the pencil retracing the same line 
so long as the resistance continues the same; but sometimes this is not the case. In such cases, 
care must be taken to obtain the average diagram. Also, in comparing the pressures required 
to overcome different resistances, it is essenticd that the speed of me engine in each case be the 
same— a requirement often disregarded. 

Amount of Steam consumed. — For this purpose, draw the line of perfect vacuum, if not precisely 
known, at 14*7 lbs. below the atmospheric line. Ascertain how much the clearance and the 
thoroughfare at one end of the cylinder adds to its length, as represented by tlie stroke of the 
piston, and add a proportionate quantity to the length of the digram by a line drawn perpendioukr 
to the atmospheric line, at the proper distance firom the admission line. Tlien ascertain the point 
in the stroke at which the steam is released, and the pressure in the cylinder at that point. Multi- 
ply this pressure, reckoned frum the line of perfect vacuum, and which must be taken before the 
exhaust-port has been opened, by the sectional area of the cylinder in square inches, and the product 
by the length of the stroke in inches, up to the point at which the steam was released, and including 
the addition for tlie clearance and thoroughfiire ; then divide by 14 '7, and the quotient will be the 
number of cubic inches of steam, ut the pressure of the atmosphere, discharged from the cylinder at 
a single stroke. Multiply this by the number of .strokes in an hour, and divide the product by 1728 
to reduce the cubic inches to cubic feet, and the Quotient again by 1700, to reduce the steam at 
atmospheric pressure to water, and the result will oe the number of cubic feet of water used an 
hour; multiply this by 62*88 for pounds, and divide the product by 10 for gallons. 

In case the steam is worked expansively, there are two points to be notcMi. First, that the den- 
sity or pressure of the steam at tne point of release is always greater, and commonly very much 
greater, thun it ought to be, in ordiT to account for the quantity of steam at the point of cut-off, the 
excess being caused by the evaporation of water in the cylinder during the expansion, which water 
must instantly burst into steam as the pressure falls below that due to its temperature, provided the 
heat of evaporation can be obtained from the metal ; and, second, that g^eratly even tnat quantity 
of steam incresded in this manner will not account for all the water supplied to the boiler, showing 
that the chilling of the cylinder during the expansion, down to the temperature of the steam when 
relaised, was insufficient to supply heat to evaporate all the water it contained. 

We are able, by means of the diagram, first to compare the quantity of steam consumed, mea- 
sured as above directed, with the amount of power exerted ; second, to ascertain the quantity of 
water evaporated in the cylinder during the expansion ; and, third, to compare the steam appearing 
in the cylinder with the water evaporated ih the boiler, or supposed to have been bo ; for, in fBct, 
we know very little about the proportions of steam and wat^ in the mixture which the boiler 
supplies. The field here presented is one of the most important in which the indicator can be 
employed. Different engines, and different boilers with the same engine, axe found to give results, 
in all the above respects, differing most widely from each other. 

Vibrations of the Spring. — Sometimesi at very high speeds, or with very sudden action of the 
steam, the spring of the indicator is put into vilvation. If tiie line produced by these vibrations 
is a waving line quite free from angles, this is an evidence that the action of the instrument is 
nearly frictionless, and the mean of the vibrations gives the true line. 

Diagrams from the Vaive-chamher. — These ought always to be taken when it is desired to know 
about the sufficiency of the ports or valve movements. It is obvious that for this purpose it ia 
ncoessary to compare the pressure got in the cylinder with that in the valve-chamber. This also 
shows the sufficiency or insufficiency of the steam-pipes. 

See BoiLXBS. Planimbteb. And also * Description of Bichards' Steam-Engine Indicator,* by 
Charles T. Porter, 8vo, 1868 ,* and * The Indicator Diagram Practically Considered,' by N. P. Buigh, 
crown 8vo, 1871. 

IN£BTIA. Fb., Inertie; Geb., Tragheii; Ital^ Tnerzia; SPAV., Tn^rda, 

Inertia ia a Quality possessed by all bodies, and is of the utmobt importance in mechanical 
investigations. It may be defined as the tendency of matter to persist in its actual state, whether 
of motion or of rest. That matter sho^d be incapable of spontaneous change is credible enough, 
since it is one of the most universal results of human observation, and Lb equivalent to stating that 
mere matter is destitute of life; for spontaneous action is the test of the presence of the living 
principle. Yet the fact, as stated in the above definition, seems at first sight to be in part oppoaed 
to the teaching of daily experience. We see that all motion is communicated, and that it comes to 
an end. The ball set rolling sooner or later stops, and we are led to infer that rest is the normal 
state of things, and that everything has a tendency to return to its normal state. This is an illu- 
sion, however, which reflection quickly dissipates, and we find it impossible to conceive how a 
body once set in motion can of itself arrest that motion. But it is not strictly true, as some 
writers affirm, that inertia implies absolute passiveness ; for bodies resist a change of state. A 
body at rest resists motion, ana a body in motion resists the force which tends to bring it to rest. 



mjECTOB. 3026 

Benmd thit, homrer, it Is perfectly iadiCTerent to reit or motion. Unnnmbered inatanoea dkUy 
uid hourly nil nnder our obeervstion of tlie utter in&bility of iuorgkaio matter at nut to pnt itaeff 
in motion ; but we tiaTe not like iiutKDoea of ite inability when in motion to bring itoelf to rest, 
■Inod every terreetrivl tiling sooner or later does come to teat But if we oonsider the fact that a 
ball aet rolling upon rongh gronad quickly gtopa; that the ume hall let rolling with the aiune 
Initial vektcitv- upon a smooth floor continusB iU motion much longer, and upon perfectly amooth 
ioe loufter still, we are foroed to oonclude tiiat the motion is destroyed by eziemal rausea, as 
frktion, redstanoe oFthe all. and gravity, and that if theoe oausea were wholly removed as Uier 
have been removed in part, the ball would roll on in a straight line for ever. And tliat anch woold 
be tlie ease is shown by the heavenly bodies which are not exposed to theae retarding influence*. 
The«^ retaining the saine force whi^ was oommimicatail to them " in the beginnitig, oontinne to 
move wiUi> uidfonn velocity. 

Of the nomeroiuefibotaix inertia, we ma; instance tliat produced on a manon horseback bv the 
endden atarting; or stopping of the home. If the horse start suddenly forward fhim a state of reat, 
the lider, whose body resirts the motion, is thrown baokwaid. If the liorse when in raptd motion 
■oddenlj stfnps. the rider, wtioae body in this case resiata the change from motion to reat, Is thrown 
forward. Ol similar eHeota ptoduoed by this property of inertia, onr daily eiperienoe fomuhes n* 
with innnmeiablo instancea. 

INJECTOB. Fb., InjtBteur; Gn., InlKtor; Itu., Initttore; Bpah., Inytctor. 

An injector la an appatstos frequenuy employed for feeding boilers with water, and other 
similar purposes. 

Fig. 4211 is of one of OUbid'a Injeotora, of French manufacture. A B C is the body of the 
apparatus, made in ^ree pieeea and screwed together by auitable coi.n«3tiona. The upper piece A 
has a cock D, to whleh u flied a tube a. oommuni- 

eating with the boiler, and through which steam 1* *''*■ 

admitted. B is the water-branch fastened to a pipe e, 
oommuuicatiDR with tlie feed-water tank. Staain is 
first admitted Dom the boiler through the pipe n, and 
the amount is r^ulated by the conical spindle O, 
which fits into tlie steam-cone e. The water drawn 
thiough the supply-pipe E by the steam-jet rushing 
out of the cone t into the oombining cone /, meets 
with the prime mover, the steam, which imparts a 
certain amount of its momentum to the water, and 
this strram consisting of water, oondensed water, and 
steam, in ita turn rushes acroaa the small speiM be- 
tween the combining and receiving oone g, throuffh 
which it li forced by its anperior velocity into the 
boiler through a pipe b, Yig. 4214. 

In the eipericnce of the working of Giflard's in- 
jector for the supply of water to aleam-boilers, which has 
now come so extensively into use both in this country 
and abroad, various requirements have been found 
to arise ; and for tbo purpose of meeting these, several 
Improvements of the instrument have been introduced, 
one of the most remarkable of which, writes John 
Bobinson in the Transactions I. H. £.., is an arrange- 
ment invented by William Btllera, of Pbiladblphia, 
to obviate the neceasily of adjusting by band the 
qnantily of water supplied to uie injector, and thua 
render the instrument to that extent self-odjasting. 

In the oiiginni Gifcrd'a injector, ahown in Pig, 
4S15, the quantity of water alluwed to reach the oom- 
bining cone B is adjusted by means of the external 
regulating hand-serew P, which by raising or deprew- 
ing tbe ateam-cone A Increases or diminishes the 
Annular opening for water. In Seller^ -self-adjusting 
injeotor this opening js adjusted by the appllcatloQ ot 
a plslcn in a oylindcr, aotnated by the smount of prea- 
•ure or of vaonnm eiisting alternately in the oterflow- 
chamber, aoooiding aa tbe supply of watur is iu eioen 
OTdeBdent 

The oonatmction of the aelf-adjuiting Injector is 
ahown in the verlioal aection. Fig. 4216. The sleam-ootie and tbe oombining ecme are arranged 
within the receiving oone ; and the admission of ateam throngb the steam-cone is regulated a* 
hitherto by the handle D of the steam-spindle. Tbe combiniDg oone at its base la ao mads as to 
form a piston, which scpantea the water-chamber G from tlie overflow-chamber. The interral, a 
■eotion of which is shown enlarged, frrms the eutrenoe to tbe receiving oone, and also to the over- 
flow-ehamber. The boiler-valvo U prevents the water returning from the boiler ; and K is a wasta- 
cock, which wb^n open allow* the water and steam to iaaue into the abnoaphere. 

The mode of working tlie Instrument is aa fotlowa : — The warte-oock K being flnt opened, the 
anpply of water admitl^ from the tank ia alkiwod to flow out tbrangb tbe waste ; and the ateam 
bemg then turned on by the handle D, an inmiediate iiicieHse lake* place in the voluua of waler 
•aoaplng at tbe waste-cock, showing that the jet has been established. The waste-cock ia then 
closed, and the water flows into the boiler throngb the valve H. In case there ahonld be too 



» will be driven into the orerflonr- 



mooh water admitted to tbe oombintiig oone, the nnpeiabiindanc 

ohwaber belon the piBtoa,and will raise the pintonsa aa to diminish the annulBr space between the 
combiniDe oone and the eteam-coDe, and thus ledaoe the water B 



combiniDg oone and the eteam-coDe, and thus ledaoe the water eapply until the quantity admitted 
is in exact proportioii to the eappl; of Bteam. The relatiTe poeitiaoa of tLese cones will then 
remain the same until aome chsjige lakea place in the presBiue of the steam. SuppoBing the 
pressnre of the steam in the boiler ahonld iocteaae, so that a larger qoantity of steam is discbBTf;ed 
throogh the ateam-oone, the inoreascd velocity of the Jet will oany along with it into the boiler 
■ome of the water which had previously escaped through the openings in the interval into the 
overflow-chamber, and will thos prodooe a partial vacuum under the pistou ; the pressure of the 
water will then cause the piston to recede from the steam-oone and admit more water, until 
the proper proportion is again established. At the junction of the water-branoh O with the main 
body of the injector a small valve L ia provided, opening outwards ; and the escape of steam from 
this valve gives warning that the injectnr lias ceased working &om want of water, similarly to Uia 
escape of steiiin from the overflow-pipe H in the origiaal injector. Pig. 4215. 

In many boilers, such as those having a small water and eteam capacity compared with Uietr 
heating surface, and where the demand for steam is very irregular, tbe variations in the steam- 
pressure are considerable and frequent, and the amount of attention teqmred for reenlating 
an ordinary inji.'ctsr bocomee somewhat incoDvonienl ; under such circumstances the ingenious and 
simple arrangement now described for rendering tlie injector self-adjusting will be found extremely 
useful. It is evident that this arrangement of injeotor does not permit any overflow to take plane 
after the injector iaonco 

started. Also, aano air oil. 

can get admission to the ^_,, 

receiving cone of the in- 
jeotor, in consequence of 
there being no open over- 
flow pipe, the entering 
water-jet is not Impeded 

in its progress by the 

contact of air tending to 

enter with iL lo injeo- 

tors having an open over- 
flow, air can ^in aoceas 

to the entering water- 
jet, and tbe quantity of 

water poaung into the 

boiler i» consequently 

diminished- 

An arrangement for 

rendering the aalf-ad- 

justing injeotor also 

eelf-atorting has been 

oontrived at J, Bobin- 

•on'a works, iu order to 

obviate the necessity for \ 

opening and closing by ' 

hand the waste-«ock K, 

Fig. 4216. In tbe im- 
proved injector, shown 

ID Fig. 4217, the spindle 

of the boiler-valve H 

oarries a smaller oooi- 

oal valve 8, which, when 

tbe injeotor is not at 

work, is always kept 

open by the pressure of 

the boiler upon the valve 

H. When therefore the 

steam is tnmed on for 

starting the injeotor, tbe 

water is flrst allowed by 

the valve B to escape 

through the waste-pipe 

Q; but as soon aa the 

jet is -established, tbe 

valve H opens to tbe 

boiler, and at the same 

time closes tbe conical 

valve B, and stops the escape through the waste-pipe. This arrangement has tbe advantago 

not only of rendering mmecessary the opening and closing by hand of the waste-cock, but also of 

■bowing very clearly nlien tliu injector ceaaee working; because when that happens the boiler-valve 

H is closed by the back pieesnre from the boiler, opening simultaneously the valve S and allowing 

the stea'n and water to escape through the waste-pipo Q. 

In Fig. 4218 is shown the improved arrangement of tbe nrdinary Injector with hand adjustment, 

designed oy Bobintonand Greslum, which has now come into extenaivo use in place of the original 
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fotmoflujeoloi. Id the oridDAl injector, abown In Fig. 421S, theoombtningiMtioB BodraoBiTing 

oone are it&tionuf , mi tfie ndmusion of w»ter Ii r^ulated by sliding longitadio»]ly the iteun- 

oone A, which is csrried upon the exlcemltj of a holloir eylinder N, pa^ag thmmih & itufflne 

box at the top of the loBtrn- 

ment, and reqnuinB &l«a an in- **"■ **'*■ 

t«nial ring of pa<£ing at F, in 

order to prevent tlie ateaa from 

blowing through into the water- 

chamber. With high-preBsuie ^— 

Eteam, encb as IZO lbs., baTiDs a 
temporature of 350° Pabr, this 
internal paokiog becomes in- 
jured by the ooDEtant eipoenre 
to the higli temperature whilst 
working, and inrolvee the troo- 
ble of frequent renewal; and in 
order to obviala this difficnlty, 
the improved injector, shown in 
Fig. 4218, ia oonstmoted with the 

converse arrangement of tba i 

oonee, the atuam-cone A being 
made a fixture in the iuBtrxunent 
while the combining oone B and 
receiving oona G are catt toge- 
ther In a single pieoe, sliding 
loDgitodinallj, and are moved bv 
the inlemal tack and pinion R. 
By this means the neoeaiity for 
any internal pscUog is avoided, 
as no internal steam-tight joint 
is required ; and at the Bame 
time tAe stnffing box at the top of 
the sliding cylinder K, Fig. 1215, 
is also done away with. The 
sliding cones B and C, Fig. 4218, 
require only to be turned origi- 
nally to an easy fit in their ex- 
ternal cylindrical Knidet, as it ia 
not ncotssary for these joints to 
be absolutely water-tight. Tho 
only additional requirement in- 
volved in this arrangement is the 

BtufBng box for tho spindle of — i^ 

the pinion B, which is packed KTn^ 

externally and has only to he W^^ 

made water-tight, in contrast ^ — ' 

with the internal steam -light . , ,, .. m 

packing P in the original i^jeo- i.S . . . .r ^ - 

lot. Fig. 4216. 

There appesira to be a possible dmwbaok to the a; 

cases where a high temperature of supply water la to' , _^___ 

tuie varies, as in the case of a locomotive engtoe. This drawback consists in the probability Uiat 
mider such cirounutancee the injector might be difficult to start, because there ia no open overflow 
pipe for allowing the surplna water to escape, end therefore a greatei qnantity of water csainot bo 
need to condense the steam-jet than can be admitted into the Doiler in a givoi time throt^h the 
receiving oone of the injector. With the ordinary open overflow, bowerar, a larger qoauti^ of 
water than can obtain acceas to the boiler may M admitted to oondenss the steain onirent, the 
amp] us escaping at the overflow; and thus a feed can beestablished, although overflow mkyatthe 



ordinary GiUbrd's Injector in such a manner that it will draw water ^m a cocalderable dtrntb ; 
and this has been succenfully aooumplished to the extent of lifting the water from a depth of 15 or 
16 ft below the water-chamber or the injector, the temperature of the su^pl; water beinK 60° 
Fahr. The eoDstmotion of injector employed for this purpose ia shown in Fig. 4219, and the 
tncoees is attributable to the oare taken to obtain a better vacuum in the watar-cliamber Q by 
means of double stuffing boxes V and V. One of these, U, prevents the eeeape of steam into the 
air, and the other, V, prevents the entranoe of air into the water-chamber G. Considerable im- 
portance ia also attached to the aHvantBee of a shielded atenm-oone A, shown to a larger scale, Iba 
extremity of the cone being snrnmnded by an external casing, leaving an air spaM between of 
) in. width closed at the bottom, which serves s« a non-conductor to prevent the steam from being 
cooled and cause it to preserve its full heat to the very extremity of the stcam-noiile. The steam- 
adjnsUng spindle I is also made to projeet through the itesm-oone A into the combitting ome B in 
the snme way as in the original iiyector, Fig. 4215, so as to secure not only sn snnnlar steam-jet 
bat alan an annular onmbined jet ; and the spindle ia steadied near the extremity by the gnide X, 
to keep it truly oentnJ with the jet. 



Another unnnment of injector tor tU •woe object ii Aowa in Ilg. 4220, whore tCw alidlng 
■teun-nouls hw only & riaglo itulBBg box W, which prevenU the inftreM <J »ir to the wftto- 
ah«mber ; the ateun en- 

tianos !■ flxed npon tli» «"■ "»*■ 

■tiding iteam-nonle, and 
movee with it, to u to 
pieclude the neoetaity for 
ft eeccmd staffing box to pre- 
Tantleahageofrteftm. Thii 
oonslructioo reqairea, how- 
BTer, a flexible steam-pipe, 
in order to allow for the 
motion of the alidiog lUam- 
QDEile. When the injector 
!■ oMd tor UftiDg water 
from a lower lerel, Ihs 
■teain-eone A U fli«t turned 
down br the regnlatiog 
■crew F to its eitiema 
lowest poiilion, as sbnwn 
\rf the dotted lines, leav- 
JDg a imall annnlar pao- 
•age for water between the 
■team^cone and the oom- 
bining cone. The staam- 
■pindle I is then turned 
ODoe round, which givea 
■nffldent opening for the 
amoant of ateam raqnireil 
to exbauat the watur-oham- 
ber O. Aa sooa aa the 
water Is aeen to iaane from 
the OTaifiow-pipe U, the 
handle F is tarried oo as to 
ndie the steam-coDe A to 
ft poaitioa auitad to tha 
' 1 the boiler, ani 



. ilndleli'idrawn 

back mitii the OTfirSow 



lySITLATOB. Fb, 
Itobar; QlB., /MjoCor; Ital, 
Itolatort; BtAa., Aisladir. 

In Eleotriotty or Ther- 
motioa, an insnlator la anj 
body or labstanoe that in- 
■nlatea or aota aa a Qon- 
oondnotor. 

Ill Telegrapby, when a 
wire ia snipended on polea, A , , , ,t 7 '.* V *f , «| taam 

tt ia fixed to liuuAitari to 

preTent the esoape of the otirrent at the points of snpport ; when it U carried nndergnnmL 
throagh wet timiieia or throush water, the insnlation must be continuona, and the wire ia coTerea 
with gatta-peraha or Indla-iubber. See Tblbobapht. 

IBON. Fa., Fir; Gib,, Ei^»; iTiL, **emj,- SpaH., Hitm.yfitrro. 

There are two distinct yarieties of iron ; one is a flbroua metal, or wmughl boo ; and the other, 
a gianalated or oryBtaUtied metal, caat-iron or ateeL These rarietiea of iron are subdivided, aa we 
aluill explain hereafter. All iron of commerce is impure ; in faot, a pure article would not aerre 
the oMi to whioh iroa is commonly applied. Pnre iron ia ailTer-nhite, of a tarj agreeable, mild, 
kud at the same time brilliant loatie, and of a fibrous fracture. It asaumM a high poliah, 
particularly when mbbed with a hard, neU-polished aubalance. Iron ia easily tamiahed; it haa 
great affinity for oxygen, and acids dissolve it rapidly. AUcaliea. in whatever form they may be, 
protect it remarkablf weU against corrosion: its ap, gr. is 7'7S. It ia the most lenacioua oi the 
melala, very soft when pore, but becomes exlremely bard when nlloyed with other metals, or any 
■nbatanoa which combines chemically with it. It u ringularly aflmed by magnetic currenta ; no 
other metal ia more sensitive to that force than iron. Its soaceptihility for oxygen, or it may be 
another canse, imparls a disatcieeable taste to pnie iron, when applied to the tongue. It also 
emits a peculiar smell when strongly robbed. Iron has ao great an affinity for other matter, that 
Its existence in a pure coodition is very doubtful ; at least that presented b; chemists, and obtained 
by them from wire-sorapa, fllingB. hsjnmer-acales, or similar means, cannot be pure. A means 
m obtaining pure iron is to roloce pure oxide of iron in a glaaa tube by meana of hydroeen ; 
bnt the iron thus nbtained Is in the form of a fine powder, and oxidizes when expoaed to 
alnioapheric air. When the heat in this operation is raised to redness on the oxide, l>efore 
hydnwen is applied, the metal agglutinates Into a grey praoua masa, which is not much affected 
by oola afaDOapLeiio air. It was until recently auppuai-a that pure iim oould be obtained by tha 



of its being Infusible wbsit freed from foreign matter ; the depree of he&t at which ft la f 

increases with iti d^ree of parity. In practice we have impure inm exolmiTelj, and aU our 
InveatigatLont are oonnDed to alloyi or iron. 

Our CAemical Knoultdgt of Iron. — Iron undergoes DO alteration eilbei' In oxygen or in dry air. 
Bat in moiat air it becomes oxidized and oOTerad with nut : tbe preaeitce of carbonic aahydride 
facililatee thia change. The ozidaUon takes place ut the expense of tbe water, and the hydrogen 
liberated uikilea with the uitrogea of the air, forming umnonis, with which rott is alwayi 
impregnated. 

Iimi deoomposes water when at a red beet by liberating the hydrogen. At this tempcntnre it 
also nnites directly with the atmospherio oxygen ; it then forms an oxide which has Men called 
emst-oxide, because it tbrms the fiakes or crust which are detached from the hot metal when 
hammered ; this crust is also kitowu as iroD-M»le or hammer-dag. When oolJ, iron ia diNoWed 
Id acids with a setting bee of hydrogen. 

Iron forms, with the monatomio radicals, two series of compounds ; into the former of theae a 
■Ingle atom of this metal enteiB, which in this case is nerer saturated. To these compounds 
oorreaponcl others of tbe same order, which iron generates by uniting with he diatotnic radicals. 
AIL tbe compounds of this order lieej the name of mioimnm combinations, or feirous compounds. 

Besides these oombinatioDs, iron forms others, containing not a single atom of this metal, but 
tbe group Fe*. This group is nutuislly hexatomio, since the two 

atoms of iron mutually exchange sn atomic!^ or capacity of sattua- ^ - 

Hon." This is shown oy the onneied figure, in which a and b repre- *-^ — - — ' -]-^ ^ — J — i. 

sent two atoms of tetretomio iron, giving rise to the group Vff, in * * * *■' i 

which we find only si* free attractiTe centres instead of eight. The 

group Fe* is therefore susceptible of either, with six monatomio radicals, or with three diatomio 

radicals. The oomponnds of this order are usually known by tbe name of ■""'"""" or ferrio 

oompounds. 

The priooipal compounds of iron ue tbe following ; — 

Uubnnm m firrie ampoandi. 

Perohloride of iron ft'O* 

Perbromide IWBt* 

Periodide 9tfl* 

Perfiuoride SeTI* 

Beiquioiide fe*0* 

Seaquliulpbide fe'6* 



Frotochloride of iron .. .. VeCl* 

Protobromide PeBr* 

Protoiodide Fel' 

Protoflnoride »eFl« 

Hydride ftH» 

ProtoTJile *e& 

Protosnlphide *eS 

Uinimum salts (Rvr^ 



Haximum bydnte of inn .. m } ^ 
Tarions maximtun snlte . 



B' is a monatomio acid nuHetd. 

In Tirtoe of the property which the diatomio radicab have of accnmnlating in the moleooles, 
anlphur and oxygen form with iron, besides tbe preoeding componndi ; — 

Mtgnetio oxide of iron fe'^Q* 

Ferric anhydride fed* 

Bisulphide of iron .. FeS* 

Uagnetto pyrite FeJS* 



Inu. Hydrndilorio Hrdn«ni, Prolocblorite 
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colour. When eyaporated, it leayes a deposit of green h jdmted erystalfl, the formnla of which is 
Fe CI* + 4 aq. Exposed to the air, this solution absorbs oxygen and loses its transparency ; its 
colour then becomes yellowish, and in this case a chlorozide Fe* Cl^ -G- is fonned. 



4 Fe" a 



• + ^\ = 2iRe«Cl«e 



Cl« 



Ftotocbloride Oxysea. Cbloroxide 

ofiroD. of iron. 

If an acid and an oziding body be made to act simultaneously upon protoohloride of iron, 
a double maximum salt is formed 

4,feCi. + S) + *(^H» = 2(w-j|^l*| + 2(|}e) 

Protoehloride Oxygen. Nitric Add TetncfaloixHlUiotate Water, 

ofiroa. of iron. 

Chlorine combines with ferrous chloride, and transforms it into ferric chloride 

2Fe"CP + oil = *®* 
Ferroofl Chlorine Ferric 

chloride. chluride. 

Protobrtmude of /rofi, ¥e Br*. — ^The pn^erties and mode of preparation of this substance being 
the same as those of the preceding boay, it is useless to describe them. 

Frotoiodide of Iron, ¥e P. — Hydrated protoiodide of iron is prepared for medical use by tritu- 
rating in water 56 parts of iron with 254 parts of iodine ; it is better to put a greater quantity of 
iron than 56 to giye an excess of the metal. When the liquid has lost all smell of iodine, it is 
filtered and rapidly eyaporated. The concentrated liquid giyes up as it cools green crystals of 
iodide of iron. Contact with the air must be ayoided as much as possible during the operation ; 
for ferrous iodide changes quickly when exposed to the air by absorbing oxygen. 

Protoxide of Iron, ¥e O. — ^If equal yolumes of carbonic anhydride and oxide of carbon are made 
to pass upon sesquioxide of iron at a red heat, the iron is brought into the state of a protoxide. This 
substance always contains, howeyer, a small quantity of the sesquioxide. A hydrate of iron may 
be obtained by precipitating a ferrous salt by potash. 

Fe"Cl« + 2K'eH = 2K01 + ^" {^h 

Protoehloride Potash. Chloride Ferrons hydrate, 

of Iron. of potaasinm. 

This hydrate is so liable to change, that it is impossible to dishydrate it without destroying 
it. Ferrous hydrate is green at the moment of its precipitation, but it quickly turns yellow on 
exposure to the air, by transforming itself into magnetio oxide. 



'errouf hydrate. Oxygen. Water. Magnetic ozi< 



Hydrate of iron is a true base susceptible of exchanging its oxhydride for the halogenic residue 
of the acids. 

ProtottUphide of Iron, 9e 6. — ^This substance may be prepared either in the wet way, by preci- 
pitating a ferrous salt with sulphide of ammonium, or in the dry way, by heating a compound, 
made in atomic proportion, of sulphur and iron. 

Protoehloride Sulphide of Cblorideof Protorolphide 

of iron. ammoninm. ammonium of iron. 

2. 2*ie + II = 2Fe"S 

Iron. Snlpour.. Protoeulphide 

of iron. 

8alphide prepared by the wet way is pulyerulent, black, and absorbs oxygen with extreme 
readiness in passing into the state of a sulphate. Sulphide obtained by the dry way is hard, brittle, 
and possesses a metallic lustre. 

Protoenliyhido Sulphuric Ferrons Hydroeulphoric 

ofiroa. add. sulphate. add. 

Steel dust and flowers of sulphur mixed and moistened react upon each other after a certain 
time ; the- reaction is accompanied by a great emission of heat. If the compound be buried a little 
distance beneath the surface of the earth in sufficient quantity, the aqueous yapours which become 
disengaged throw the earth to a considerable distance, and sometimes the combination is accom- 
panied with an emission of light 

Ferrous Sulphate, ^„ 1 0* + 7aq,— In laboratories, this salt is prepared by dissolying iron in 

dUuted sulphuric acid, concentrating the liquid by boiling, and then leaying it to cool, that the 
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salt may be deposited in orystala. For mannfMtuiiDg purpoees, tliis snbetanoe is prepared by 
roasting natural pyrites (bisulphide of iron). 

ffeS* + S(^}) = S0« + SFee" 

I^te. Oxygen. Salphnroiu Ferroiu 

anhydride. sulphate. 

A washing is necessary after the roasting, and the liquid is left to clear. It is then decanted, 
and after sufflksient evaporation, it is left to crystallize. 

Certain pyrites absorb oxygen by merely being exposed to the air, without being heated. 
Sulphate of iron thus prepared contams many impurities, amongst others copper. As this latter 
metal might be injurious in certain cases, it is eliminated by placing for a short time strips of 
iron in the solution of sulphate; the iron substitutes itself for the copper, and the latter is 
precipitated. 

Sulphate of iron is known in commerce under the name of green vitriol or green copperas. 

Ferrous sulphate crystallizes in oblique rhomboidal prisms, of a greenish oolonr, and containing 
seven molecules of water. Its taste is astringent One part of this salt requires to dissolve it 1 * 42 
of water at 15^ C. and 0*83 of boiling water. It is insoluble in alcohol, but this liquid deprives 
it of six molecules of water. It also loses f of its water of crystallization when heated to 100° C* 
but it does not become perfectly anhydrous till 300° 0. are reached. When calcined, ferrous 
sulphate is decomposed into sulphurous anhydride, sesquioxide of iron, and sulphuric aubydride. 
It may be remarked here that the preparation of the sulphuric acid of Saxony is munded upon this 
reaction. 

2(®^ne« = se« + se» + Fe»e« 

Feiroos SoIpburooB Salphnrlo Seaanloxide 

■alpbate. anbydrldtt. anhydride. or iron. 

When exposed to the air, the crystals or the solution of ferrous sulphate absorb oxygen, and give 
a yellow^h ferric subeulphate which may be destroyed by boiling it with iron. The minimum 
sulphate of iron, in an aqueous solution, will preserve its state only if the water in which it has 
been dissolved has been previously deprived of air by boiling, and the solution carefully protected 
from contact with the air. 

Sulphate of iron crystallizes with seven molecules of water, and is isomorphous with the 
sulphates of the magnesian series. 

Ferric or Maximtttn Compounds of Iron, — Perchloride of Iron, Fe* CI*. — Anhydrous perchloride of 
iron is obtained b^ causing an excess of chlorine to pass over iron heated to a red heat. The ai>pa- 
ratus used for this purpose is the same as that employed in the preparation of ferrous chloride. 
This substance may also be prepared by distilling at a red heat m a stone retort hydrated per- 
chloride prepared by the solution of iron in aqua regis. In the latter case, however, a portion of 
the perchloride is decomposed by the water into hydrochloric add and sesquioxide of iron. 

woi« + s^gje) = ^(^]) + ^fe'^' 

Feroliloride Water. Qydrochloiio Sesqnfozliie 

of Iron. acid. of iron. 

Hydrated perchloride of iron may also be procured by dissolving maximum hydrate of iron in 
hydrochloric acid. 

Ferric hydrate. Hydrochloric Ferric water. 

add. chloride. 

By evaporating the liquid, and leaving it to cool, we obtain rhomboedrical forms of a beautiful 
yellow colour, answering to the formula Fe' CP + 6 aq. Ferric chloride is of the colour of cantba- 
rides* wings. It is volatile ; water, alcohol, and ether dissolve it ; water causes it to pass into the 
state of a hydrated chloride. When subjected to the action of aqueous vapour in a heated tube, 
this substance gives crystallized sesquioxide of iron, identical with the specular iron found in a 
natural state. 

Ferric chloride in an aqueous solution is employed in medicine as a hemostatic, on account 
of the property it possesses of coagulating albumen; it is taken internally as a remedy for 
hemorrhage. 

Perhromide and Periodide of Iron, — ^These substances may be obtained by combining directly 
iron with bromine or iodine in excess. They are of no practical use. 

Sesquioxide of Iron, ¥e* O*. — In commerce, this substance (colcothar) is prepared by calcining 
ferrous sulphate ; in laboratories it is preferably prepared by heating ferric hydrate. It is found 
in nature crystallized ; and is then isomorphous with aluminum. 

Sesquioxide of iron is a basic anhydride. Yet the weak acids do not dissolve it ; strong and 
boiling acids alone attack it by transforming it into ferric salts. 

Ferrio Hydrate, ^^ \ O.— To the sesquioxide of iron oorzesponds a basic hydrate, ferric hydrate. 

This substance is usually prepared by the decomposition of a ferric compound soluble by means of 
ammonia. The precipitate which is formed must be collected on a filter and well washed. 

rdilortde Ammonio AmmoDle Fenrle hydrate, 

of iron. hydrate. chloride. 
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Ferrio hydrate is rednoed b^ hydrogen still more easily than coloothar. The weakest acids 
dissoWe it hy giving rise to maxunum salts. When it is calcined, it loses its water, and becomes 
anhydrous. At the moment when this transformation is effected, the mass becomes incandescent. 
When put in suspension in a concentrated alkaline solution, through which a current of chlorine is 
directed, ferric hydrate passes rapidly into the state of an alkaline ferrate. According to M. P^n 
de Saint-Gilles, if ferric hydrate is boiled for seven or eight hours, it loses much water and is 
oonyerted into a condensed anhydride, whoee formula is 





rem 


^ 


Fe«^ I 


e 


e 




e 


F^ 


e 




en/ 



= Fe* H« e'. 



This new compound does not offer the phenomenon of incandescence when it is calcined, and it 
dissolves with as much difficulty as the anhydrous sesquioxide. Graham succeeded in obtaining 
a soluble variety of ferrio hydrate by subjecting ferric acetate to dialysis. This soluble hydrate 
appears to be a product of condensation. 

Maximum Salts of Iron. — ^These salts aro obtained hj dissolving ferric hydrate in various acids. 
They may also be prepared by dissolving ferrous salts in water, and peroziding them by a current 
of chlorine or by nitric add. In the latter case, if it is required to obtain a neuter salt, thero must 
be added to the liquid a certain quantity of the acid whose elements the salt contains. With an 
. equal quantity of metal, the maximum salts contain, indeed, a greater number of molecules of the 
electro-negative group than the minimum salts, since in these latter tlie atom of iron is only 
biavalent, whilst in the former the double atom Fe* is hexavalmU, 

The following equation shows dearly this necessity of adding an acid to the fprrous salt which 
it is required to peroxide. 

Ferrous sulphate. Salphurto Oxygen. Water. Neuter lerrie 

add. sulphate. 

When a redudng agent is made to act upon the ferric salts, the latter are transformed into 
ferrous saltan and at the same time a molecule of add is liberated. 

renric snlphaie. E^droigen. Ferroos salphato. Solpburio add. 

The redudng agents capable of producing this result are, among others, hydrosulphuric add, 
hydrogen, and steel-dust. In the case of the hvdxosulphuric acid, the reduction is effected cold, 
sulphur is deposited, and the sulphuric acid is liberated ; in that of the steel-dust, on the contrary, 
the solution of the salt required to be reduced must be boiled with that substance. Instead of 
free sulphuric acid, only ferrous sulphate is then formed. 

MagnettG Oxide of Iron, Fe*0^. — This oxide is found in nature, where it fom 8 an excellent iron 
oro. Natural loadstones are composed of it. It may be produced artificially by causing aqueous 
vapour (steam) to pass over iron heated to a red heat. 

8*e -h *(h}^) = ^^ + 
Iron. Water. Magnetic aside 

of troiL 

It may also be prepared by predpitating, by means of ammonia, a mixture of protoohloride and 
perchloride of iron containing quantities of each of these substances corresponding to the weight of 
their molecule. In this case it is important to pour the mixture drop by drop into a great excess 
of ammonia. If, on the contrary, the ammonia were poured into the mixture, the alkali not being 
everywhere in excess at the same time, ferric hydrate would first be precipitated, then fenoua 
hydrete, but no magnetic oxide. Magnetic oxide must be considered as a minimum salt of iron 
generated by the second anhydride of mo maximum hydrate of the same metal acting as an acid. 

^^Je* - 2H«e =-H«}'^* - 2H + ¥e" = ^)^* 

Fenlohydnte. Water. Snd anhydride Hydrogen. Iron. Msgrtetlc ozlde 

ofthemaxtmnm of Iron, 

hydrate. 

There exist, indeed, alnminates of iron isomorphous with it, which leave no doubt as to its true 
constitution. 

Ferric anhydride, F O*. — ^Ferric anhydride is not known ; but when we direct a current of 
chlorine through a concentrated alkaline solution holding ferric hydrate in suspension, there is 
formed a red salt which is none other than the ferrate of potash fe K' B\ corresponding to the 
manganate of potash Mn K' 0^ 

bisulphide of iron, FeS* (pyrites). — The pyrite represents a saturated minimum compound of 
iron. It is the only one known. It exists in nature, crystallized sometimes in cubes, sometimes 
in prisQis. The cubic pyrite is the most common ; it is hard enough to cut glass and to emit 
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■parks when strnck with steel. Its density Tftries from 4*083 to 5-031 according to Dana, and 
from 5*0 to 5*2 according to Bammelsberg. It has a metallic appearance ; acids do not change 
It ; but it is readily affected by aqna regis. Sometimes this pyrite becomes oxidized when 
exposed to the air, sometimes it is inoxidable. The prismatic pyrite always becomes oxidated on 
exposure. When heated with carbon, bisulphide of iron gives sulphuret of carbon and proto- 
sulphuret of iron. 

Magnetic pifnte8,V€? Sfl, — ^This substiince is found in nature crystallized into regular hexahedral 
prisms. It acts upon the magnet Its composition u not yery constant ; it appeiirs thut the^e 
pyrites result from the combination of the other sulpbuiets among each other without our knowing 
exactly what the sulphurets are that aro thus combined. Tht y may be obtained artificially by 
heating a piece of iron to a whito heat and plunging it into a crucible filled with molten sulphur : 
the pyrites collect at the bottom of the crucible. 

Titanitic Iron, — ^There exists in a natural state a substance called titanitio iron, containing iron, 
titanium, and oxygen. This substance is ibomorphous with the sesquioxide of natural iron. To 
explain this isomorphism, we are obliged to consider titanitic iron as a compound of sesquioxide of 
iron Fe' O^ and an oxide Ti Fe -0^^ which would be none other than the preceding oxide, in which 
an atom of titanium was substituted for an atom of iron. If this interpretation is the true one, the 
substitution of an atom of tetititomic titanium for an atom of iion, and the isomorphism of this 
product of substitution with the ordinary oxide of iron, fumitdi another proof of the tetratomicity of 
iron. 

Character of the Salts of Iron, — The minimum 'salts are generally green, and the maximum salts 
yellowish , they are distinguished from each other by the following characteristics ; — 

1. Ferrocyanide of potassium precipitates the minimum salts of iron blue, and the maximum 
salts white. 

2. Sesquiferrocyanate of potassa precipitates the minimum salts of iron blue, and does not 
precipitate the maximum salts. 

3. The alkalies give with the minimum salts a green precipitate which turns yellow on exposure 
to the air, and with the maximxun salts a yellow precipitate which does not change its colour. 

4. Hydroeulphurio acid does not act upon the minimum salts ; it reduces the maximum salts, 
with a deposit of sulphur. 

5. The alkaline sulpliurets give with both dosses of salts a black precipitate very soluble in 
diluted acids. 

Iron deposited galvanically. — ^Tlie difficulty of obtaining chemically pure iron, for the purpose of 
studying its properties, led to the attempts to precipitate it from its solutions by galvanic action, 
which is easily none bv employing a weak battery and a solution of sulphate of iron, mixed with 
sulphate of magnesia ; having, at the same time, sufficient carbonate of magnesia in the solution to 
keep it constantly neutral in proportion aa the iron is reduced. Thus obteined, the iron presents 
itself as a fine-grained deposit, in which no trace of crystallization can be seen under the microscope. 
Its colour is a soft light grey, and its hardness is so surprisingly great that it can only be scratched 
with a file ; it being at the same time so brittle that a piece \ of an inch thick can easily be 
broken between the fingers. These properties, however, at onco change upon he ating the iron ; 
it then becomes very much softer, and as malleable as it was before brittle, end can be cut with the 
scissors with the greatest ease, as well as bent to and fro numerous times without breaking. Iron 
BO deposited was supi)osed to De pure iron, but the researohes of the late Professor Gmham on tlie 
occlusion of gases in metals caused Professor Jaoobi to examine it more carefully, when he found 
that it in reidity contained a considerable amount of hydrogen gas. Still more recently this iron 
has been investigated by B. Lenz, who finds that all snch electro-deposited iron contains very 
much hydrogen, with more or less carbonic acid, carbonic oxide, nitrogen, and water, and that it 
may have occluded in its substance as much even as 185 times its own bulk of these gases, prin- 
cipally hydrogen, which are evolved again on the application of heat When heated out of con- 
taist with the air or oxidizing matters, this iron changes colour, and becomes of a colour exactly 
lesembUng platinum; and if now placed in water, a portion of the iron is oxidized at the expense 
of the oxygen in the water, whilst the hydrogen set xree is at once absorbtd, or again ooduded by 
the rest of the iron. 

Ores. — Native Iron. — ^Iron occurs in a native state ; but the quantity found is so small as to be 
of no practical use. Native iron is tilao found in meteoric stones, which consist chiefiv of iron and 
nickel ; but these substances are of no interest to us. Iron combined with oxygen, oarSon, carbonio 
add, and some other substances, is the form which arrests our attention. 

Bo great is the affinity of iron for other substances, thut its ores sddom occur in » pure 
condition ; and as the foreign matters form the quality of the metal smelted from the ores, it is 
evident that each peculiarity of the ore is imparted to the iron mannfsotured from it. Those 
minerals which conietin at least 20 per cent of metal are considered ores; if they contain less, they 
are denominated fluxes. The richest and purest ores are found in the primitive rocks. But as 
some ores, of more recent origin, form a metal peculiarly qualified for certain purposes, they are 
not less vfduable than the former. Those minerals which constitute useful Iraq ores, we shall here 
proceed to notice. 

Magnetic Iron Ore ; Loadstone, or Magnetic Ore. — ^Protosesquioxide of iron. This oooure crystal- 
lized, and also granular, earthy, and compact. Its sp. gr. is 5*09. It is of a black colour, metallic 
lustre, opaque, hard, brittle, and forms always a black powder, when rubbed or pulverized. It is 
attractea by the magnet, and is fusible in a very strong heat. When pure, it contains ttcm 69 to 
72 per cent, of metal. Some of these ores are hydrates, and contain 7 per cent, of water ; and 
in tnis case, the metallic contents are diminished in ratio. It occurs in the west of England and in 
Yorkshire. Very extensive beds and veins of it are found in the counties of Warren, Essex, and 
Clinton, in the State of New York, also at Belmont, Canada, in Norway, and in Lapland. Imbedded 
in granite, syenite, and syenitio xodka, it occurs in Orange, Putnam, Saratoga, Herkuner, and other 
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oonnties in New York ; in New Jersey, Pennsylvania, Virginia, Vermont, New Hampshire, Con- 
necticut, Arkansas, Missouri, and we may add, m most States of tlie Union. No kind of ore is 
more generally diffused in the United States, either in larger quantities or better quality. The 
Swedish iron, so justly celebrated for its good qualities, is chiefly manufactured from magnetic ore. 
The purest kinds of this ore furnish, bv good management of the fumaocL about 70 per cent, of 
crude iron ; on an average we may calculate on 50 to 55 per cent of metal, A specimen of thia 
ore from Lake Giiamplain. furnished by analysis, 

Protoxide of iron 17*9 

Peroxide „ 81-8 

Alumina and silica 0*3 

and a specimen from South Carolina 69*5 protoxide and peroxide, 1-5 alumina, 20*0 silica. The 
first variety may be considered a very pure, and the latter an impure, ore of it. 

To this class of iron ores we may also range those magnetic ^res which contain titanic acid. 
This substance is frequently found in the magnetic ores of New York, amounting from 1 to 10 per 
cent, of them, and in single specimens even more. A specimen of ore from Lake Champlain 
furnished in 100 parts. 

Peroxide of iron 70-00 

Protoxide „ 12-31 

Phosphoric and titanic acids 6' 19 

«ilica -36 

manganese • • .. *33 

This ore is also found to contain, frequently, iron pyrites, galena, blende, arsenioret, copper 
pyrites, heavy spar, and other more or less injurious suostances. 

£ed Oxide of Iron ; Peroxide of Iron ; Specular Ore ; Hed Hematite ; Micaceous Ore, — This iron 
ore occurs in nearly all geological formations, and the crystallized varietv chiefly in primitive and 
metamorphic rock. The red hematites of Lancashire and Cumberland are perhaps the richest' 
iron ores in England ; the deposits of Fumess alone were estimated In Feb. 1872 as producing 
annually 800,000 tons of ore, the richest deposits having generally been discovered at or near the 
junction of the mountain limestone and the slate (silurian) rocks. About three-fifths of the entire 
quantity raised in these counties is of a hard rocky nature, containing about 60 per cent, of 
metallic iron, of nearly a uniform quality, except that in some of the mines on the eastern side 
of the northern series it is slightly mixed with quartz, and rather more silicious in character. In 
the north Lancashire district is a hard, red, fine ore, containing about 55 per cent, of metallic iron, 
occasionally mixed with considerable quantities of manganese. Bed hematite has been discovered 
to exist in great abundance in the United States ; it is also found massive, and as red ochre, 
combined with clay, shells, and other substances. Reddle is an impure kind of It. It lb easily 
distinguished from other ores, by affording a red powder when rubbed upon a white substance; 
but as some of the varieties are very hard, and others feel unctuous, like graphite, a hard substance 
— ^white porcelain — is required to bring out the colour. The crystallized varieties are generally 
pure and very hard, and may furnish 70 per cent, of metal ; its sp. gr. is 4*5 to 5*3 ; the compact 
ore is 4-2. The ci^stals are of great lustre, brown, often black; the massive varieties are some- 

Sfboimenb of Lahoashibb and Cumberland Obxb analtskd bt J. T. Smith, oontainbd ; — 



Sesquioxide of iron 
Protoxide of manganese 

Silica (in solution) • .. 

Alumina „ 

Lime „ 

Magnesia „ 

Carbonic acid 

Phosphoric „ 

Snlphurio „ 

Water 

Ignited insoluble residne 



Ignited inaolnble residne ; — 

Silica 

Alnmina 

Sesquioxide of iitm 

Lime 

Biagnesia 



Iron, total amount .. .. 



1. 



85-93 
0-32 
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i"-02 
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100*36 



11*63 
0-44 
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trace 
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91-87 
0-30 
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trace 
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79* 14 
0-66 
016 
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17-06 



99-61 



15*78 
1*03 

014 

trace 



16-95 
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92-45 
0-04 
0-09 
0-05 
0-32 

trace 

trace 
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6-77 
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trace 
trace 
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51-50 


SUioa .. .. 


.. .. 600 


24-50 


Alumina .. 


• • •• V *00 


7-75 


MuiBtore .. 


.. .. 2-75 



times earthy and red, or brown-red. In thin laminA the ore ie translucent, and of a bright red 
ooloor. Some kinds of it are attracted by tiie magnet, which may be caused by particles of 
magnetic ore. With this kind of ore are also clawed the different argillaoeons ores, which 
firequently aro so poor in metal as to contain only 5 or 10 per cent., but are nevertheless of a 
perfectly red, often brown-red isolonr. 

All this kind of ore furnishes a superior qujdity of iron, which is distinguished for tenacity and 
softness. 

A specimen of brown, or red-brown, fossiliferous iron ore, which is smelted in PennsylTania, 
and Wayne county, New York, contained. 

Peroxide of iron 

Carb. of lime (sb ells) .. 

Carb. of magnesia . . 

On an ayerage, these ores furnish ftom 96 to 50 per cent, of iron. Those which furnish less than 
80 per cent, of metal are generally not smelted. Some of them, particularly those in the Southern 
States of America, are the result of the decomposition of pyrites, and the ore-beds show iron pyrites 
below the water levels. These ores also contain titanic acid, as is seen in some of the Pennsylvania 
ores ; they sre then very refractory. Alumina is the most general companion of these ores, and 
may be considered one of the causes of the good quality of the iron which they furnish. 

Brown Hematite ; hydrated sesquioxide of iron ; brown and yellow ore ; bog ore ; pipe ore ; 
prismatic ore. This is a very abundant iron ore, and a source of cheap metal ; it is mined exten- 
sively at the Forest of Dean. Gloucestershire, in Cornwall, Devonshire, France, and Belgium ; it is 
also mined in Wales, Wiltshire, Oxfordshire, and forms the bulk of ore in the United States. 
Hematite is essentially a hydrated peroxide, with definite quantities of water, which vary from 
9 to 18 per cent. In its purest form it contains from 50 to 62 per cent, of metal. The varieties of 
this ore are very numerous ; it occurs in all shades of colour, from black to a faint yellow. The 
brown or black fibrous ore is of the best qualitv, but the compact kinds are more or less adulterated 
with silica and alumina, generally with the nret Bog ore often contains from i to f per cent, of 
phosphorus. Yellow ores are mingled with clay, lime, magnesia, and other substances ; the brown 
ore often contains large quantities of manganese, from which no ore of this kind is entirely firee. 
The powder of all the varieties of this ore isyellow. 

All these ores are of recent origin. They are the result of the decomposition of pyrites, 
carbonates, arseniurets, and other compounds of iron, and often assume the forms of vegetable or 
animal remains. 

The best kinds of this ore from the coal formations, which are generally the result of the decom- 
position of the argillaceous carbonates, contain on an average not more than 80 per cent, of metal. 
They generally are mixed with a variety of foreign substances, as the following specimen trom 
Westmoreland county, Pennsylvania, shows ; — 



Peroxide of iron 
Oxide of manganese 
Alumina 



77-00 

4-50 

•50 



Organic matter 
Water .. .. 
Silica .. .. 



1-22 

12-00 

4-00 



In the Forest of Dean large quantities of brown hematites have been mined and smelted in 
the local works : the iron is of a red-short nature, but especially celebrated for the manufacture 
of tin plates. These ores are wrought from deposits in Lancashire and Cumberland, Northumber- 
land, and Durham ; the carboniferous limestones of Derbyshire, Somersetshire, and South Wales 
contain deposits which are also wrought ; but it is from the Dean Forest, Lancashire, and Cumber- 
land mines that the chief supply is at present obtained. 

By analysis it has been found that the average composition of the calcareous ores of Dean 
Forest is nearly as follows ; — 



Peroxide of iron 54 

Carbonate of lime 85 

Clay 7 

Moisture 4 



2. 

670 

24-3 

6-5 

2-2 



Metallic iron 



100 100 

87*5 per cent. 46'5 per cent. 



The first result will probably seem a low yield to persons who use calcareous ores in mixture 
jirith others, but from numerous assays, as well as experimental trials in the blast furnace, it 
fairly represents the produce of the mass of these ores. When the specimens have been carefully 
selected the produce is higher, as in the second example from the same locality. 

Spathic or Sparry Ore^ crystallized carbonate of iron. This is protoxide of iron in combination 
with carbonic acid. This ore most frequently contains also carbonate of manganese, and carbonate 
of magnesia. When perfectly pure, it ought to consist of 62 - 1 protoxide of iron, and 87 * 9 carbonic 
acid, which is equal to 48-8 parts of metal. The colour of this ore is white, yellowish, and often of 
a reddish hue, or fieeh-coloured. There are also fine brown varieties, which may be considered 
partly oxides ; and often the whole mass is thoroughly oxidized, and still retains its lustre and 
form of crystals. Its sp. gr. is 8*7 to 8-8: its lustre vitreous, and the streak or powder white. 
This ore is in some specimens translucent, particularly in thin scales. It is hard ana brittle. 

It is a very interesting species of iron ore; when pure it forms good steel with the greatest 
fiscility ; in fact, it is converted into steel with less labour than into fibrous iron. German steel is 
exclusively manufacture^ of this ore. from the pure varieties of Styria and western Germany ; for 

6 2 
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these leasons it ib called steel ore. Kotwithstanding this ore bears a high reputation as an element 
for the manufacture of steel, yet cheap steel can never be made from it, nor good steel, unless it is 
treated with particular care. But it is adapted to produce the strongest and most fibrous kinds of 
wrought iron. 

It is very abundant in Europe, but not in the United -States. Sparry ore is found in Vermont : 
and that from Plymouth, U.S., furnished by analysis— carb. of iron 74*28, carb. of magnesia 
16*40, carb. of manganese 6*56 and oxide of iron *8. It also occurs to some extent at Roxbury. 
This ore is most generally impure ; it is usually mingled with pyrites and sulphurets of various 
descriptions, whi<£ of course render the iron manufactured of it of less value than other and purer 
kinds of iron. 

Argillaceous Ore, compact carbonate of iron, occurs chiefly in the coal formations, but its 
presence is not confined to these localities. When oxidized, it forms hydrated oxides, brown or 
yellow hematites ; it is from these that the Iron of Pennsylvania is chiefly manufactured. In its 
original form it is found in round or flattened lumps, spheroids, imbedded in clay, clav-slate, sand- 
stone, shale, or limestone, and arranged in regular veins. These balls range from globules of the 
size of peas to masses of two and more tons in weight ; but as there are often large quantities of 
dead slate between the balls, the ore is expensive, however soft the shale may oe. When the 
spheroids oxidize, the oxide assumes the form of shells ranged in circular layers, like an onion. 
It appears that the oxidation progresses either by periods, or, that at one time of the process 
more of the impurities are removed than at others, which causes a diiferent density in the 
hydrated oxide, and a consequent formation of strata. This ore does not often contain more than 
33 per cent, of metal. Its composition is that of the sparry ore, but it contains always some 
alumina, and some silica, and lime. The ore, when dried or roasted, emits the peculiar 
argillaceous odour incident to day and clay ores. Its fracture is always close-grained. Sp. gr. 
3- to 3*5. 

All the great coal formations hitherto discovered contain argillaceous and carbonaceous iron 
ores in greater or less abundance. The Stafibrdshire, South Wales, North Wales, Derbyshire, 
8hropsh£e, and Scotch coal-fields, contain valuable seams of argillaceous iron ore. In the 
Durham, Lancashire, Somersetshire, and other minor coal-fields, the argillaceous ores exist in 
smaller quantities, and produce when smelted crude iron of an inferior Quality. 

The South Wales coal-field stands pre-eminent for the number ana richness of its seams of 
argillaceous iron ores. The aggregate thickness of the seams measures 21 ft. The average 
percentage of metal in the ores exc^s 32 per cent. We subjoin the analyses of the ores from a 
number of seams wrought by tiie Dowlais Iron Company, from which their blast furnaces at 
Dowlais are chiefly supplied. 



Analyses of the Peinoipal Seams of Argillaceous I120N Obb in the Soxtth Wales Gqal-field. 




1. 


2. 


8. 


4. 


6. 


6. 


7. 


Carbonate of iron 

SUica 

Alumina > 

Carbonaceous matter 

Lime 

Moisture and loss 

Phosphoric acid 

Manganese 


74*5 

14-5 

8 3 

• . 

•8 

•6 

trace 

1*3 


86* 
8*3 
•2 
4*2 

• • 

1-3 

• • 


77* I 

15*9 

3*8 

1*8 

•4 

1- 

• • 

• • 


62* 

27*5 
7*8 
21 

• « 

•6 

• • 


42*7 
42-7 
7*5 
2*8 
•1 
1*4 
2*8 

• ■ 


59*5 

36*9 

1-9 

• • 

• • 

1*7 

• • 
> • 


68*2 

21*6 

5*4 

3*8 

• • 

1- 

• • 

• • 




100* 


100* 


100* 


100- 


100- 


100- 


100* 


Percentage of metallic iron .. 


85*9 


41*46 


87*2 


29*5 


20 6 


28*7 


32*9 



These analyses, taken from the centre of the iron manufacture in this district, may be considered 
as fairly representing the mean composition of the Welsh argillaceous ores, since tne variation at 
other workings, eastward and westwiod, is inconsiderable. 

The richness of the respective seams in this basin is influenced by the distance between ihem. 
Thus, where two or more seams of iron ore exist with only a thin partitjg, their mean percentage 
will be found higher ttian that of seams having a greater thickness of ground interposed. The 
general character of the associated earths is influenced bv the composition of the matrix, and also, 
but to a minor degree, by the adjacent seams of rock, snale, or clod. Seams of argillaceous ore, 
having either a roof or bedding of siliclous rock, invariably contain a large percentage of silica. 
The lowest seams of ore, as they approach tlie mountain limestone, are found to contain a 
notable percentage of lime, a substance almost entirely wanting in the richer seams of the upper 
series. 

On analysing specimens from 68 seams, the produce of which was used in the Dowlais furnaces, 
including the vHiofe of the argillaceous ores of the north outcrop, it was found that 47, or more 
than two-thirds of the number, yielded 80 per cent, and upwards. 

The Staffordshire coal-field contains numerous seams of argillaceous iron ores, from which the 
blast furnaces of the district derive their principal supply. In richness they are slightly inferior 
to the average of the Welsh ores, but tney are equM to them in the quality of the resulting 
iron. 
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The analysis of a very rich specimen from this field, obtained near Dudley, gave ;-^ 

Carbonate of iron 78*3 



11 
11 

n 
Alumina 



lime 

magnesia 

manganese 



Silica 

Phosphoric acid 
Carbonaoeous matter and loss 



5-2 
4-7 
17 
1-8 
5-6 
•2 
2-5 



Metiillio iron 37*7 per oenti 



100 



The North Wales ooal-field contains seams of argillaceous ore, bat the ayerage yield of 
metallic iron does not on thu raw ore exceed 25 per cent 

The Derbyshire coal-field supplies a consideruble quantity of these ores, but the product is 
generally inferior to that of the vVclsh ores. According to M. Bonsen, the composition after 
calcination of those smelted in the Alfreton fumaoes was as follows; — 

Peroxide of iron 60-242 

Silica 25-775 

Alumina 6*583 

Lime 3*510 

Magnesia 3-188 

Potash -743 

Manganese traces 



100^ 
Metallic iron 41 *7 per cent. 

The Yorkshire coal-field contains numerous Taluuble seams of argillaceous iron ores. We 
annex the composition of flve of the seams under the manor of Healaugh Swaledale, according to 
analyses made by Dr. Odling. 

Composition of Yobeshibb Abqillaoeous Iron Obxs. 





1. 


2. 1 8. 


4. 


6. 


M«aiL 


Carbonate of iron 

n lime 

Silica and clay 

Carbonate of magnesia . . 

„ manganese.. .. 
Sulphur 

Car Donaceous matter .. 
Moisture and loss 


80-50 

3-48 

8-72 

•25 

traces 

7-05 

* • 


70-80 
11-72 
10-72 
-63 
traces 

6-13 

• • 


75-80 

4-72 

10-60 

■ • 

traces 
8-88 

• • 


79-00 

8-86 

10-30 

• • 

• • 

2-33 

• • 


65-59 

21-28 

616 

1-23 

• ■ 

5^*74 

. ■ 


74-3 
9-9 
9^3 
•48 

• • 

•63 
5-44 

• • 




100^ 


100- ' 100- 


100- 100- 


100' 


Yield of metallic iron 


38^8 


3417 


36-6 


38-1 


31-6 


35-8 



The Scotch mineral field contains la^ quantities of argillaceous iron ore. Before the dis- 
covery of the more fusible carbonaceous variety tiieee ores formed the chief supply of the blast 
furnaces in this district. 



CovFosrrioN of Sootoh Aboillaoeoub Iboh Ores Analysed bt Db. Colquhoub 


r. 




1. 


2. 


8. 


4. 


6. 


6. 


7. 


8. 


Protoxide of irun 


35-22 


45-81 


42 15 


38-^0 


36-47 


47-33 


43-73 


53-03 


Peroxide of iron 


1-16 


• • 


•80 


•33 


•40 


•33 


•47 


•23 


Carbonic acid 


32-53 


83-63 


31-86 


30-76 


26-35 


33-10 


32-24 


35-17 


Protoxide of manganese 


• . 


•20 


• • 


•07 


•17 


•13 


• • 


• • 


Lime 


862 


1-90 


4-93 


5-30 


1-97 


.2^00 


210 


3-33 


Magnesia 


6-19 


6-90 


4-80 


6-70 


2-70 


2-20 


2-77 


1-77 


Silica 


9-56 


7-83 


9-73 


10-87 


19-20 


6-63 


9-70 


1-40 


Alumina 


5-34 


2-53 


8-77 


6-20 


8-03 


4-30 


513 


-63 


Carbonaceous matter .. .. 


2-13 


1-86 


2-33 


1-87 


2^10 


170 


1-50 


. 303 


Sulphur 


•62 


■ • 


• • 


•16 


• • 


•22 


•02 


. • 


Moisture 


• • 


•99 


• • 


• • 


• • 


• • 


• • 


• • 




100-87 


100-68 


100-37 


101- 


98 ^09 


97-94 


97-66 98-59 


Yield of metallic iron .. .. 


28-4 


35-3 


33- 


30^ 


284 


36-7 


34- 


40-9 
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fluid ; and the labour of transfonning erode iron into wrought lion is least when the impnritiea 
can he removed in the shortest time and with the least labour. 

Iron and oxygen are not fusible at all ; they do not assume a metallio form until they become a 
salt — such as magnetic oxide. Iron may combine with a little chlorine, which causes it to be fluid ; 
but this renders it extremely brittle when cold. We have no other evidence of the combination 
of iron and chlorine, than that iron melted under a cover of chlorides is very pure, fluid, and brittleu 
of a bright silvery colour and lustre. When this very fusible metal is gently heated, it is convertea 
into very refractory iron — becoming fibrous and ex^emely tenacious. The melting of iron under 
a cover of chlorides is not so easily performed ; it succeeds best when turnings of good grey cast 
iron are melted by applying a very gentle heat, with a flux composed of common salt, Ume, and 
alumina. 

The affinity of iron for sulphur is veiT great ; it is tedious to remove all the sulphur fiom it 
when once combined. Iron absorbs sulphur from all other metals, from fluxes, and from carbon. 
Oxygen or chlorine are the only substances which will remove sulphur, and before they enter into 
combination with iron all of it must be removed. The various forms of the legitimate compounds of 
iron and sulphur are of no ioterest to us. Bmall quantities of sulphur, <juarter of I per ceut in the 
metal, not only are injurious to iron, but cause expense and vexation m refining. Much sulphur 
in iron causes it to bo cold-short, brittle, and h.ird when cold ; a little produces hot-short and 
brittloness when the iron is hot. Sulphur has a remarkable influence on iron ; it is similar to that 
of cadmium. At low heats it does not cause fluidity ; the iron assumes a mu^y appearance, but is 
not fluid. When the same iron is heated to a higher degree it becomes perfectly fluid, white, and 
compact. Similar phenomena occur with carburets of iron; and we are inclined to conclude 
by analogy, that such is the case with all alloys, particularly when one substance is fiir moie 
volatile than the other. When iron is combined with sulphur to such an extent as in pyrites, it is 
extremely hard ; oxygen does not attack it, and strong acios do not afiect it When it contains only 
a trace of sulphur, it is far more liable to corrosion than pure or alloyed iron. Sulphur is 
not attacked by oxygen, whereas iron is, and it requires the close cover of sulphur to protect it. 
When metals which have no particular affinity for sulphur, such as gold, are mixed with the 
Bulphuret of iron — ^the decomposition of the sulphuret advances more rapidly. It appears that in 
this case moisture flnds access into the pores of the metal, which accelerates the oxidation. This 
electrical action, which is frequently observed in metallic alloys, arises in consequence of imperfect 
union ; it is by no means a universal case. Iron appears to melt with sulphur in all proportions ; 
but it either requires a certain amount to form a (memical union of perfect fluidity, or so high a 
degree of heat that a proper arrangement among the particles becomes possible. In tlir latter case, 
a imion is formed which is not cosily destroyed. When iron containing sulphur is heated red hot, 
and suddenly cooled in water which is a little warm, a smell of sulphuretted hydrogen is perceptible, 
even when only a trace of sulphur is present. A quantity of sulpnur in ore, coal, or flux, which is 
so small as to escape the most skilful assayer, is sufficient to cause iron to be red-short. 

Phosphorus and Iron, — Phosphoric acid is frequently found in iron o]res ; quite as well in those 
which are primitive as in those of the coal formations and younger ores. Phosphoric acid in 
contact with coal is converted into phosphorus ; and as iron luus strong affinities for phosphorus, 
we always find it in the metal if it has been in the ore or the fuel — ^particularly in grey metal. 
When white metal is smelted, a large quantity of phosphorus is absorbed by the slag as phosphorio 
acid. Phosphorus, unlike sulphur, causes iron to be very fluid, even in small quantities and at 
low heats. Owing to this property, phosphorus is lees vexatious when present in iron than sulphur. 
Iron with phosphorus is white, dose, and compact ; assumes a high polish, and is less attacked by 
oxvgen than otner alloya It is extremely brittle, so that the least force will break it when cooled 
below 82°. Phosphorus will drive sulphur from iron when the latter is present ; still they may be 
both in crude iron at the same timo. Sulphur is removed before phosphorus can be evaporated. 
Iron which contains phosphoros melts easily, works well in reflning, is easily welded, and is in 
&ot very manageabla 

Carburet of Iron, — ^We do not know if a carburet of definite proportions is in existence ; grey 
cast iron is a mere mechanical mixture, and so is steel. We are not acquainted with any carburet. 
It appears that the refractory character of carbon does not admit of an intimate union but under 
forced conditions. Carbon wiU lib^nate itself in spite of the affinity existing between it and the 
metal Carbon unites with iron very readily in sll proportions, from a smcdl per cent, of iron in 
graphite, to a quarter of 1 per cent, of carbon in steel. The compounds containing much carbon 
are not fusible ; they are mere black powden. It appears that iron cannot absorb more than 6 per 
cent, of carbon — grey or white crude iron—without losing cohesion. Iron with carbon may be soil 
when grey, but is hard when white. Grey iron is imperfectly fluid — limpid — at all times ; white 
iron is mushy, like a sulphuret^ but assumes a perfect fluidity when heated to a high degree. 
There is a striking similarity between the combinations of sulphur and iron, and those of carbon 
and iron, which extends even &rther than mere fluidity. White iron has all the qualities of a 
perfect alloy ; grev iron that of a mechanical mixture. We will endeavour to show the nature of 
this difference. White iron, that is a perfect alloy, we do not observe but in crude iron which has 
been smelted from sparry ore^ and in hardened steeL The intimate union of carbon and iron which 
is requisite to fonn an alloy is not in existence in grey iron, and in steel only when hardened. In 
white crude iron, suffluient carbon remains in union with the metal to cause its fluidity ; this, for 
want of other matter, is chiefly effected by carbon. When more carbon than about 6 per cent is 
removed from this iron, it ceases to be fusible in the furnaces. The carbon is naturally in very 
inthnate connection in the specular ore, and the beat in smelting removes merely a part of it and 
ohiefly oxygen. A deflnite arrangement of the atoms of carbon and iron exists already in the ore, 
which is in a great measure destroyed ; a certain portion of the ore, however, retains its original 
constitution, which with the difference of oxygen or these particles of carburet, are surrounded by 
a certain numbtT of pariides of pure iron which prevent their deoompobition Thus it is tiiat the 
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carbon in this iron resists the effects of oxygen for a longer time than that in otlior kinds of iron, 
and also in steel : and to tliis exteat we may call this iron a true alloy. It is the intimate contact 
of a few atoms of carbon which imparts character to a large mass of iron. In grey iron, or 
tempered steel, the atoms of carbon fill merely the pores ; and if we aasnme that carbon is dissolved 
in hot iron — which we are permitted to do because similar cases happen with other substances — we 
at oace discover the cause of hardening. It is the sudden contraction of the metal, and its stroug 
cohesion, which condenses the carbon between its particles, and forces it to remain in chemical 
union. The strong cohesion in the atoms of carbon is the cause of grey iron ; and the want 
of cohesion between the atoms of the latter, or want of fusibility, is the cause of the hardening of 
this metal by sudden cooling. We see here at once the philosophy of hardening and tempering, 
and that an alloy of arsenic or phosphorus cannot be tempered or hardened, because that essential 
condition, the separation of the particles, is wanting. Ourbon crystaUizes at a much higher heat 
tlian iron, and is solid ; it also separates before iron which is slowly cooling has sufficient cohesion 
to prevent its crystallization. Carbon thus causes hardness in the same manner as other substances : 
ana if we disregard tempering, or annealing, there are substances which impart a higber degree of 
hardness to iron than carbon. It appears that manganese induces the solution of carbon in iron 
more than other substances; still, there are some other metals which produce the same effect. 
Iron exerts a powerful influence on carbon at low heats and in the presence of other matter. It 
absorbs it and retains it as a black powder. This is the case in grepr iron, and blistered and 
annealed steel. In strong iron, and grey iron of great cohesion, carbon is condensed into graphite 
and crystallized. We infer from these and other facts, that carbon exists in white steel, white 
iron, and in hardened steel, in the form in which we find it in the diamond. 

Silicon, — ^This substance appears to have as much affinity for iron as carbon ; and if not found in 
such large quantities, it is nevertheless present in all commercial iron and in tJie-best steel. The 
general diflfnsion of silicon— or silex, silica — ^its presence in all iron ores, together with its strong 
affinity for iron, indicates as certain its presence in iron. Silicon, alloyed with iron, causes the 
metal to be very hard and brittle. All the iron smelted from silicates, in which the oxides of iron 
are united bv fusion to silex, is extremely hard and brittle; more so even tban phosphorus would 
moke it. When crude iron is largely alloyed with silicon, it causes the wrought iron made of it to 
be brittle and soft ; it forms therufore the poorest kind of bar iron. Half of 1 per cent, of silicon 
causes crude iron to be brittle ; but iron may contain 10 per cent., and more, of sUex, and be per- 
fectly malleable. The first is an alloy, the second a mechanical mixture. When silicious iron is 
exposed to a gentle heat, tempered in sand or iron ore, the silicon oxidizes and separates from 
the particles of iron and forms particles of silex, which do not combine chemically with iron. Here 
silex is in the same form as carbon in annealed iron. Berzelins relates that he assayed a specimen 
of perfectly malleable iron, which furnished 19 per cent, of silex. Fibrous wrought iron may 
contain large quantities of silex, and be perfectly malleable and ductile, but when the iron contains 
in the meantime carbon, an exposure to a high red heat will convert the silex into silicon, and 
cause the iron to become short and brittle. 

Aluminum, — ^We shall not allude to the alloys of boron, selenium, tellurium, and some other 
snbst tnoes, because these are of no pl!actical value. Aluminum appears to have a beneficial, 
toughening influence on iron, and it is asserted that wootz — ^East Indian steel — contains this metal 
as alloy. It is certain that all iron smelted from clay ores is stronger than that smelted from any 
other kind of ore, particularly in the form of wrought iron. Pure alumina combines readily with iron 
when borings of grey oast iron are smelted with it. Such oast iron contains, however, silicon and 
other substances, which interfere with the true character of the alloy. It may be difficult to form 
a puro aUoy of iron and alumina, because a high heat is required, at which other substances whose 
presence cannot be avoided enter into combination. In fluxing iron and aluminum by a substance 
which has a strong affinity for both, so as to reduce the point of melting, pure alloy may be formed, 

f provided the flux is volatile and may be driven off. Pure carbon or arsenic may form such a flux. 
t is stated that iron alloyed with alumina is very hard and tough, and exhibits the natnro of 
Damascus steel. This is a strong indication of the refractory nature of the alloy ; it does not com- 
bine uniformly with the mass of the metal. 

Arsenic. — ^Thls substance causes iron to be very fluid, hard, and brittle. One port of iron 
borings melted together with two parts of arsenious acid form an arseniuret of iron, of definite con- 
stitution. The best manner to alloy iron with arsenic is by cementation. Arsenic combines very 
intimately with iron ; its alloy cannot be hardened like steel, nor can it be annealed. When the 
heat in melting this alloy is too strong, the arsenic evaporates rapidly, throwing out iron which 
burns with greater brilliancv than any other compound of iron« It bums in similar manner to a 
very hot zinc alloy, but with more vigour. Notwithstanding the great affinity between iron and 
arsenic, in cooling or crystallizing l)om separate to a certain extent, but in a different manner than 
iron and carbon. When an arsenical alloy is coofed and polished, it shows on examination with a 
microscope a mass of dark crvstals imbedded in a bright white metaJ, which forms a regular network, 
filling the spaces between the crystals. We suppose the crystals may be iron and a little arsenic, 
and the cementing metal chiefiy arsenic with a little iron . these are conditions which exist in 
other alloys. If this alloy is tempered at a red heat, the arsenic evaporates, and causes the remain- 
ing metal to be extremely brittle. The same cause is active in hardening this substance. If the 
metal thus weakened by tempering or hardening is melted again, it forms a coherent, hard, compact 
iron, but with less arsenic. This alloy, so long as any arsenic is pe^rceptible, cannot be forged or 
welded ; it is hot-short and cold-short 

Arsenic exerts a peculiar influence on iron ; it causes cast iron to be extremely brittle, but when 
removed from it by reflning. and converting it into bar iron, it is found to be exceedingly soft and 
pure. Most of that iron which furnishes the best cast steel is manufieustured from ores wmch contain 
arsenic 

Chromium. — Iron combines with chromium quite easily, and forms an exceedingly hard alloy. 
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which 18 brittld. It is, however, an excellent preserrative of iron from rust. By converting omde 
imn into bar iron, all the chromium ooutained in it is easilv removed. Chrominm is very refractory, 
and consequently we entertain serious doubts of the brittleness of the alloy of this metal and iron. 
Sixty parts of iron alloyed to forty of chromium is stated to be very hard and tenacious, cutting glass 
equal to a diamond. Chromium, as well as iron, are both refractory, and, as the heat required to 
melt either is high, it is difficult to obtain the alloy without an admixture of other matter ; to the 
latter must be assigned the brittleness which is asserted to belone to it. In smelting these metals, 
either from tlieir ores together, or omitting tbem directly, in all instances their purity must be 
doubted. The only manner in which a considerably pure alloy is obtained is, by smelting filings of 
pure wrought iron in a clay crucible lined with the pure oxide of chromium and carbon; the first 
forms a second lining in the latter. The alloy thus obtained is, according to our own experience, 
very hard, unifonn, and tenacious, and shows no signs of crystallization when polished. 

Titonittm.— This metal appears to be so refractory, and has so little affinity for iron, that it will 
not admit of a union. A union is, however, effected in the same manner as between lead and 
iron, that is, by employing a substance which has affinity for both. We have no experience in 
forming this alloy, and the soaroity of the metal hardly admits of its practical use. 

Zinc.— As cast metal, the alloy is worthless ; it never will obtain strength. In refining crude 
iron which contcdns zinc, the latter evaporates; and by perseverance a fine rough iron may be 
obtained. In tliis resjject arsenic is superior to zinc ; it works with more facility. 

Manganeae, — ^The similarity of this metal with iron subjects it to the same laws. It forms 
similar compounds. In oombming with iron it causes it to be more fiuid, and consequently hard« r 
than it is naturally. This metal is one of the best alloys in combination with iron which is to be 
converted into wrought iron. It causes cast iron to be hard and brittle; but this assertion must be 
taken with due allowanoe for the influence of other matter. The protoxide of manganese is a strong 
alkali, and forms a very fusible fluid slag with silex. In refining iron which contains manganeee, 
the latter is oxidized before any iron is attacked by oxygen ; and its strong affinity for silex removes 
the latter from the iron. No manganeee is ever detected in wrought iron. Crude iron contains it 
when smelted from ores in which it exists. In manufacturing wrought iron, this substance is, on 
account of its alkaline and refractory nature, the most useful auxiliary. 

Nickel and Cobalt. — ^These metals^ alloyed with iron, appear to exert a similar influence upon it. 
Nickel is found native and alloyed, in meteoric iron. This alloy has been little examined, and is, 
to all appearance, of slight practical use. 

AfUimonv, — ^This combines readiljr with iron ; the alloy is very hard and very brittle. It is 
useless. The oxides of the metals mixed, and melted with carbon iu a crucible, form an alloy at a 
low heat. 

Lead, — ^This substance does not combine very readily with iron, particularly when the latter is 
in combination with carbon. When contained in the ores ci iron, it separates in the blast furnace 
from the iron and forms a stratum at the bottom of the hearth. The crude iron thus smelted is 
extremely hard, becomes very fluid in melting, and works admirably well in the forge fire and 
puddling furnace, and makes a very tenacious, fine, bright, fibrous iron, of first-rate quality. The 
fluid alloy of lead and iron is of no practical use ; when cast it is brittle. 

Tin combines readilv with iron, and both mix in various proportions, and form definite com- 
pounds. The alloy is always hard, and this hardness increases in proportion to the quantity of tin, 
until the latter is more than an equal part This alloy is heavier than iron itself— of greater hard- 
ness and lustre , 57 * 9 of iron and 42 * 1 of tin is said to be an alloy particularly distinguished. Iron 
thinly coated with tin forms tin plate. For this purpose a very pure tin is required, or at least a 
metnl free from easily oxidized snostances. 

Tin added to iron in the puddline furnace, to the amount of } or 1 per cent., causes a bright 
metal, which works remarkably well in squeezing and hammering. It forms a strong iron, 
malleable, neither red-short nor cold-short The application of tin for this purpose is rather 
expensive ; we may obtain the ^ame, or similar results, by other means less costly. 

C^/)«r.— -Copper has no marked affinitv for iron, and combines with it only in small quantities. 




to iron. For these reasons it cannot be removed from iron in refining the latter. 

Mercury. — ^Iron does not combine with mercury directly ; but when an alloy of iron which 
contains a metal soluble in quicksilver is brought in contact with it, a combination ensues. 
Alloys of tin and iron, zino and iron, silver and iron, may be combined with mercury, and resist 
the charring heat of wood. It forms a hard, brittle amalgam, similar to that of antimony. 

Silrer.— Iron melts readily with silver, but the metals separate in cooking, and show the same 
appearance as arsenic and iron. The alloy is harder and stronger than that of arsenic. This 
compound oxidizes rapidly. A small quantity of silver, | per cent, may be united with iron, 
and form an intimate union. 

Gold.^Thia metal fuses easily with iron, and fine ornamental works in iron are soldered with 
it It is too expensive to form practical alloys with iron. The same may be said of platinum, 
and the platinum metals. However valuable such alloys may be for scientific purposes, the 
metallurgist cannot make any use of them. 

Manufacture of Iron — The various kinds of iron are procured from the ores we have enumerated ; 
in some cases malleable iron, its purest form, being obtained by merely exposing a certain 
variety of ore to heat in contact with charcoal fuel, which has the effect of reducing the ore to a 
metallic condition ; but as a rule, it is far more economical to get it in the first instance in the 
impuro form of cast iron by smelting the ore in a blast furnace ; and this is the method most 
extensively employed. 

Cast /roil.— Before the smelting of iron ore is resorted to, it is most generally dressed and 



which ooDtoin sulphur, oraeDio, carbonio add, oaibon, c 

Soattlng. — The operation has been genenlly described at p. 169S,but we have a few re .. 

make liere relating perticolariy to tmn; it is performed either ia the open eir !□ heBpB,or in closed 
kilns. These kilns vary greailj in their duneosioiu. The most Bstiufactory reaalta a~~ -^•--•--^ 

with kilns of the deaeriptioa delineated in FigB-ir"""" '"" mu_a ,.... ,_!... , 




owt-iron plates, about 2 in. thick. The interior meomret 20 ft. long, 9 ft wide at top. and 18 ft. 
high. It iB built of mafonry, and lined with fire-bricks 14 In. long. In (hmt tre two srohes with 
openings into the inside of the kiln, on a level with the floor, throngh which the roasted or 
oaldned ore is drawn and Slled into barrows or wagons fbr tlie fnrnncc. AIhito these openings, 
bnt within tlie smifaircle of the arch, it is usnal to leave bar or five apertures, 6 or S in. square^ 
tat regulating the dianght Around tbo upper edge ot tl^o kiln llicre u placed a cast-iron ring 



from 12 to IS in. ^do, with % flnge sbcmt 6 in, high on the upper nda lo protect the biickrork 
from injury during tlia flliing in of the raw ironstone. 

At DiHue *ork» the kiins we ota ciroular form in the iaterioi; at olhen they em bnllt Miaara 




able, OD the gnnmd that aombaidan ii ihiwer in the angles than io the oentre. If the heat bo 
legiilBled to propeilf calcine Uie oentie of the man, the atone lying in the angles will Booroely haTS 
altered from its raw state. 

To oaloine ores in the kiln two or three small ooal Sree having been lit on the floor, raw 
lionitone ig placed on top and aronnd them until tlie whole of the floor is oovered with ironstone at 
a dnll ted heat. A (resh layer of irooatone, 8 or 9 in. tMcb, is then added, along with about 5 per 
cent by weight of small coal, and, as soon as this layer hat reached a red heat, another is added. 
This addition of fresh layers of raw ironstone and coal it repeated as fast as the previous layers 
baTe been heated to the neceasarr degree. 

As a coniequenee of the small quantity of ooal tued in the process, by the time that the kilir Is 
filled np with the socceesive layers of raw ironstone, the lower portions which were flnt ignited 
are comparatiTely cold and fit for drawing. 

In Scotland and in Staffordshire the calcination of the Ironttone is generally effected In the 
open air. A space is roughly levelled, on which a stratum of ooal of a few inches in thickness is 
laid, upon this a layer of raw ironstone of 10 or 12 in. in thiokueH ia placed, and then a quantity 
of small coal is thrown over the atone. Additional layen of ironstone and coal ore added until 
the heap reaches to a height of 4 or 5 ft. The bottom stratum of ooela Is then fired, and in a few 
boun the whole mass will be ignited. The operation, from the time of firing till the heap has 
cooled down auffloiently for drawing, will occupy from eight to twelve days, depending on the 
nature of the stone, onnntity and quality of fuel, and size of the heap. 

At many works kilns tutve boen erected with a tromrood sufflciently elevated to allow tbe 
wagons to disoharge directly into the kiln, Figs. 42S6 to 4229. This plan is attended with » 
•avug of labour ; but with kilns of this shape we do not onnaider it to be a dedrable practice. 
Each wagon probably holds 2 or S tons of ore, which fall in a tingle heap, measuring perbapa 
2 or 3 ft. in height. Over this we will suppose that a quantity of onul ia thrown and then left to 
ceJoine. If an ahuodaucc of ooal ta used the whole will be properly bnmt ; but if the quantity of 
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rnel ia proportioned only to (he KqniroiueQta of a well-oondaoted kUu, the centra of Ihe hssp will 
be more or leu imporfeotly roaated. From careful obtervatioii we are inolinod to believe thut 
fllhng with the shovel u eventnaUj (he cheapeal plan, and ia attended with the mart Mtiabetoir 
limits in the bloat furnace. 

I t'^'^ caloining kilna, Figg. 4234 lo 4237, were erected at Middleaborongh from the designs of 
John Ojen. Thej are of a cinnUr torm, and have wrooght-iron thella ; but, milike ordioaty Irilna 




of this olaaa, the ehelTs are made of the same shape u the interior oT the kiliu, ao that there 
faauniformthicknesBof 15 in, of flre-brick lining at bU parts. The diell and lining of eaeh kiln rest 
upon an annolai eoat-inni entablataie, which ia auppoited by eight hallow cast-iron pillars caat on 
tlie baae-plate. By this airaagement a apace for drawing the charge ia loft all round the bottom. 

The principal dimensione of each kiln are; — Jntemal diameter at the bottom, 14 fL; at 
the largest part, ZO ft. ; and at the top, 18 ft. The height from the base-plate to the top of the 
oolumna, 2 ft. H in. ; thickness of the entablatnre, 4 in. Height of the ehetl from the top of the 
entablature on which it rests to the level of the largest diamutGr, 9 ft. 2 in,, and from that level to 
the top of the shell, 12 ft. 2 in. ; total height of each kiln from the baae-plate to the top of the 
ahell, 24 ft. The baae-plate Is 2} in. thick, and fa 20 ft. in diameter ; it ia cast in eigbt pieces, and 
I rests upon btickwoA in which the air-paaaaiiea ate formed. The onbio contents of each kiln is 
S500 cub. ft. 

As will be aeen in Fig. 4236, each kiln la provided with a cast-iron central cone, made in two 
pieces, so arrangtd that an annular space is left between them. This oonoBpreails the calcined ore 
outwards towards the openings throngh which it can he withdrawn, and it also acts beneflcially in 
•ssirtingto break np any large scars or lumps, paiily fnsed together, which may happen to come 
down. The central cone might, as far as the mere spreading action is concerned, be made plain 
and in a Hinxle piooe ; bat the form sliown in Pig. 42S6 has been adopted by Gjers with a view of, 
in some casea, employing the anunlsr space between the two oonee for the admission of waste gaa 
from the fumsce. Where the quantity of fiimaoe-gaa is not aufSciont to be applicable to ibis 
pDrpoae, the double cones stilt furnish the meana of giving a good air supply to the kilns. 

In the case of the particular kilns we are deaoribing, the central cones are each 8 ft, in diameter 
at the bottmn, and S ft. high, and the air is condncted to tbem tbniugh eight channels oi flnea 
formed in the brickwork at the base of each kiln. In addition to these passages there are a number 
of holes, Fig. i2S7, for the supply of air, formed in outer ahell. The kilns are placed at a dialance 
of SSft apart from centre to ouitre, and Moh is surronnded at Um top by a gallery formed 
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of wmnght-iron brackets ooyercd xtrith cast-iron plates. The galleries of four kilns are connected 
with each other at four points, the space between the kilns being bridged over with wrought-iion 
girders. 

Besides the kilns irliich we have described, there are two others at the same works which have 
a capacity of 8000 cub. ft. each, and each of these kilns supplies calcined ore to a furnace miUcing 
from 250 tons to 260 tons of iron wet klj. Tlie stone is left in the kilns about two and a half days, 
and the consumption of small coal and breeze amounts to 1 ton for everj 20 tons of stone calcined. 
In the case of the larger kilns which we have already mentioned, and which are 34 ft. high instead 
of 24 ft., this consumption has been reduced to 1 ton of fuel for every 25 tons of stone calcined. 

Magnetic ore should be roasted, if it is desirable to smelt carburetted iron, for this ore is too 
compact to admit of the absorption of carbon, and it must be made porous in order to form grey 
iron. It contains also very frequently iron pyrites, blende, galena, arseniuret, silica, and other 
substances, which it is necessary to oxidize. When specular iron contains pyrites, whidi 
frequently happens, it must be roasted. Sparry ore is to be roasted to remove carbonic acid. If 
tfa^ ores are pure, that is, free from sulphurets, a strong and rapid heat may be made ; but when 
they are impure, a red heat, with a liberal supply of air and moisture, are requisite to succeed 
well. Impure ore, such as argillaceous ore, clay ore, or hematites, in fact all ores which contain 
silex, must be roasted gently and slowly at a low heat, and with a long-continued fire. Ore which 
has been roasted must be rra, friable, and porous. When black and magnetic, it is converted into 
magnetic ore, and will not smelt grey iron. When it has been too hard burned, it should be 
thrown aside, or mixed with well-roasted ore in certain proportions. When white iron for the 
forge is to be smelted, little attention is required in roasting the ore ; still that &om roasted ore 
works better in the forge, and forms a stronger iron. 

Fluxes, — In practice we are limited to a few minends as flux — limestone or chalk for silicioua 
ore; and silicioiis clay, or other silicious compounds, for calcareous ore. Wlien either lime or 
silex is in excess in any ore, the work in the furnace is imperfect ; much coal is used, and labour 
wasted. One of the first maxims in selecting fiiix should be that it contains an admixture of iron ; 
and if such cannot be obtained, which is most frequently the case with limestone, an impure la 
preferable to a pure limestone. The leading principle in all smelting operations is, to smelt by as 
low a heat as nossible. The oxidized elements which enter an iron blast furnace do not melt by 
themselves, at least not at a low heat ; a mixture, and an intimate mixture of ore and fiuxcs, ia 
the most profitable condition under which smelting may be carried on. If these conditions cannot 
be realized absolutely, because it would be too expensive, they ought to be present to the mind of 
the smelter at all times, and his endeavour must be to approach them. Limestone does melt, but 
not pure lime; limestone mixed with silex melts more readily than when pure, and still more so 
when day is present ; and at a lower heat still wh^ iron also is added. An ore which contains 
aU the elements requisite to melt at a moderate heat, and still is easily fusible after the metal is 
removed, is in the best form of ore ; it works with the least fuel. If the latter condition is not 
complied with, or the residue of the ore fusible, it belongs to the refractory kind, and is expensive 
in smelting. The true theory of smelting is, to fuse the metal first, and remove it from the ore at 
a lower heat than that at which tiie impurities melt. All the metal should be removed before 
slag is formed. When these conditions are complied with, and the slag melts at a moderate heat, 
smelting goes on most profitably. In practice it does not happen very often that ores which act in 
this manner are found, at least not in large quantities. Bog ores, yellow and brown hematites, 
are sometimes found of a suitable composition. In the State of New Jersey, U.8., at Andover, a 
primitive ore is mined and smelted which affords fiux in its own composition. These ores prove in 
practice the correctness of the above statements. Fluxes, of course, do not always consist of the 
same subdtance. If silex is the predominating or only foreign matter in the ore, limestone must 
be the fiux ; and limestone which contains clay, like Eome of that in the coal formations, is 
preferable to pure or silicious limestone. If lime is present in the ore, and if it is the cause of 
riSfeLtance to rosion, silex or silicious rook containing day must be added in order to smelt the ore 
perfectly. Clay ores, such as frequently occur and are mined in the coal formation, do not work so 
well with pure limestone as with a silicious limestone. Iron, when present in these fiuxee, no 
matter if they are limestone, slate, shale, or clay, has a beneficiid infiuence ; because it is in small 

auantities which cannot easily be removed, it causes the fiux to* melt and float down until it meets 
lie ore, upon which it will settle and with which it will combine. It is easily perceived that 
when an incongruent mass of various infusible substances is brought in contact, it will require a 
long time, and consequently much fud, before they are united. In all cases, one of the ingredients 
in the furnace ought to be fusible at a moderate heat. Blast-fumaoe slags, especially the white 
and grey varieties, have been used upon emergency as fluxes for ores free from gangue, or ores 
containing much silica. 

The hmestone used as flux is usually charged into the fomace in tlie state in which it comes 
from the quarry, the preliminary operations oeing limited to reducing the dimensions of the 
blocks, that calcination may be the more readily effected. In a few establishments, however, 
the stone is calcined in kilns, by which the water and carbonic acid is expelled, and lime obtained 
in the caustic state. This process is performed in kilns, of the construction employed for the 
calcination of ores, and is conducted throughout on nearly similar principles. 

Amount of Fluxes. — On the amount of fluxes not much can be said; a certain proportion of 
every prindpal constituent in the mixture of ore and flux is advantageous. The average of a 
good composition of furnace slag is nearlv 40 silica, 20 lime, 12 alumina, 12 magnesia, and some 
oxide of manganese and oxide of iron ; there are^ however, others wlaoh answer equally as welL 
This is altogether a practical subject, so far as particulars are concerned. No slag, or composition 
of ore and flux, can be determined a prion, nor with the assistance of the best assays of all the 
minerals in composition. We may come very near to the true composition, but not always to 
the definite quantities. Purely silidous ore requires more limestone than that which ooiitains 
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silez and day. Smelting by mineral ooal oocasionB the uae of more lime than smelting by 
charcoal ; and by impure ooal more than' that ooal which is not mnch adulterated with ashes. 
Fluxes should be broken into equal fragments of 2 in. for charcoal, and 3 to 4 in. for anthracite 
ooal or coke. 

Mixing of Minerals, — ^In order to ensure regular and economical work in a fomaee, the minerals 
should be mixed in certain proportions, according to the quantities of each kind which are at 
disposal. In this instance, as in others, it is true that the greater the number and variety of 
elements, the more prosperous will be the work. Six kinds of ore work better when mixed 
together in a furnace, than two kinds. One kind of ore does not work well ; it requires much coal, 
and is vexatious to the smelter. In mixing the ore a certain quantity — say fifty wheelbarrowfuls 
— are spr«ul on a level floor in the bridge-house, in a stratum of uniform thickness. Upon this a 
stratum of a second kind of ore is spread ; then a third, fourth, Ac., all in ratio to the mixture 
calculated. On the top of this bed of ore, the flux is levelled in the necessary proportion. From 
this bed a charge, rc»dy mixed, is weighed as it is wanted. At many furnaces this important 
part of the business is often left to carelefls ha ids, who take a certain quantity of ore from eaSh 
Kind, also some flux, and charge that into the furnace promiscuously. On the same principle 
that manv kinds of ore work better together than each singly, and on the principle that the close 
contact of various particles of matter causes them to unite, or melt, at a lower degree of heat than 
when farther separated ; for these same reasons the oia ought to be well mixed. It should not be 
placed in the furnace in heaps— tliat is, a wheelbarrowful of magnetic ore in one part, and half a 
bexrowful of hematite in another place, and thus with the other kinds. If the fragments of ore 
aud flux are all of the same size, the rule in mixing them must be, to associate together a certain 
number of pieces of each kind of ore, and add its ratio of flux. A charge composed of such 
oniform parcels we may call a unit of tne composition. 

^utf/.— Charcoal was at one time exclusively used in the smelting of iron ; it is of great value 
in making the best descriptions of iron, and it is still in use in many parts of the world, especially 
in the United States, Russia, and Sweden. In Great Britain coal is now the only fuel used with 
iron, there being in 1871 but one furnace smelting hematite ores with charcoal. 

Before the intpoduction of the hot blast the coal was generally converted into coie^ to assimilata 
it as much as possible to the original and better material. But the hot blast has enabled iron- 
masters to dispense in many cases with the coking process, and to use raw coal in the furnaces. 
The Quality of the iron has, however, suffered by the change, as the sulphur and other deleterious 
ingreaients, which are partly ellmioated by the process of coking, remain fully present in the 
furnace when raw coal is used. 

It is only certain sorts of ooal that are found suitable for use raw ; others have been tried, but 
fiEkiling to give satisfactory results, the coking process has been retained. 

Blast furnaces, — We have already, in the article Blast Furnace, described the construction 
aud application of these important appliances. However, the following details and description of 
the erection and working of two blast furnaces at Newport, near Middlesborough, taken from a 
paper read before the Institution of Civil Engineers by Bemhard Samuelson, merit particular 
aotice. 

The ores, the fuel, and the flux are charged as usual at the top of the furnace, in proportions 
varying according' to their cliemical constituents and mechanical condition, and according to the 
g^reater or less perfection of the furnace and of its accessories. Air is blown in through tuyeres at 
the hearth, scoria flows over the dam, and the iron is allowed to run from the tapping hole at proper . 
intervals. Economy in smelting is sought in a diminished expenditure of fuel aud flux, and of 
labour in producing a ton of iron from a given weight of iron ore, and is promoted in the first place 
in all ores containing much moisture or carbonic acid, or both, by their perfect calcination before 
they are charged in the furnace. Secondly, by the proper coking of the coal, where it is too 
bituminous, or too liable to decrepitate, to be used raw. Thirdly, by heating the air before it is 
introduced into the furnace, so that a very high temperature may be created in the zone of fusion, 
immediately above the tuyeres. And fourthly, by durability and simplicity of construction of the 
entire plant, in order to ensure the utmost constancy and regularity in working. 

The ironstone smelted in Cleveland is the argillaceous ore from the lias, containing when dried 
fh>m 33 to 40 per cent, of protoxide of iron, and from 2 to 7 per cent, of sesquinxide of iron, equal 
to 26 to 33 per cent, of metallic iron, which percentage is increased in calcined ironstone to from 
87 to 40 per cent by the moisture and part of the carbonic acid being removed by oaloination. 

The raw stone also coDtains 

From 20 to 25 per cent, of carbonic acid. 
„ 8 to 4 „ magnesia. 

„ 5 to 8 „ lime, 

n 10 to 15 „ silica. 

„ 10 to 15 „ alumina, and 

„ 1 to 1} „ phosphoric acid. 

The fuel is the coke of South Durham, yielding 

From 85 to 92 per cent, of carbon, 
„ } to 2 „ sulphur, and 

„ 4 to 12 „ ash. 

The flux is raw or burnt limestone, chiefly from the Pennine range, containing in the raw state 
from 87 to 96 per cent, of carbonate of lime. 

The fuel and limestone consumed, in order to produce a ton of grey foundry pig iron from 
Cleveland ironstone^ without admixture of foreign ores or of the cinder from rolling mills, are from 
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19 to 28 owt. of (xAe, and from 10 to 14 onl. of limestone, the flgnrea TaryinR vith Iha fnnbilitj 
ftnd richneaa of the oru, tlie quality of the fuel and flux, the heat of the blast, and the capacit7 
uid lecularitf of workiDg of the furnacea. In one ut the fnmacea, the average oonanrnption of 
fuel, eiflludii^ the ais weeks inunediataly after blowing in, hfu been 20'S5 owt. to the ton of 
iion produced ; the mini- 
mum quantity naed in 
(ui;0Tieweek IS-TSowt. 
the ton of iron, and 
the piaiimum quantity 
2212 owt the too of 
into. The a Teiage quan- 
tity of Mkleined ironatona 
naed hMbeen46- II owt 
the ton of iron; the 
minlmnm quantity used 
in auT one wedt 44-16 
owt ue ton of iron, and 
the mazimnm qnantity 
4S-tH owt. the ton of 
iron. The avenge quan- 
tity of limestone lued 
baa been 1071 nmi. 
the minimum qoantity 
in any one week 10 35 
owt, and the moilmnm 
quantity 11 -26 owt (tie 
ton of iron.' The ave- 
Tat;e weekly pioduoo ot 
pig iron waa 430 tona, 
the maximam 500 Uma. 
These quantities of ooke 

and flui are about IS ^ 

percent, leaa than those 
of Ave other furascea 
erected in 1863-ei, in 
whioh the same mate- 
riiila are naed; but the 
intetual capacity of | 
whlob, 16,000 cub. ft, ' 
aa against 30,000oub. ft. 
ia leaa in the proportion 
of neurly I to 2 than 

those being desoribed, 

the heat of tlie blaat 

being nearly the same. 

The quantity of ooal 

used in the kilns, in ml- 

oining the ironstone and 

Utnestone produdng ■ 

ton of iron, U 3-91 cwt 

With a regular supply 

ot ironstone 3 ' 50 cwt is 

anffloient. 

Fig. 423S gives a 

ground plan of the 

works. A i« a coal 

bunker : B, oold-blaat 

main; C O,ooke bunkera; 

D D, hot-blast maina; 

E. engine-house ; F, 

bdlera ; H, chimney ; 

II,slagrasds;K,kilnB: 

L h, furnaoes ; M H, 

hoist; N, drop: O, mine- 
ral ddJnga ; P, pig beds ; 

B.reMirTolr,' BS, atoves: 

T, metal road ;W, well. 

The whole of the raw 

material*, which an re- 

o^ved In trnoki, of 

which the gross weight 

Tariaa from 10 to 17 toni, _ 

lift, which raises them to a gantry surmounting a 

tmoks have movable bottome, and the ironstone, llmeatone, and ooal, need in calcinmg, are die. 

charged bom them into ttia kiliw in proper propoitiona. The coke is allowed to fall into the 
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boxes or bankers, having hoppers and slides at the bottom, on opening which the coke fnlls into 
barrows, rendj for charging in the furnaces. The calcined ironstone and burnt limestone, when 
withdrawn from the kilns, are likewise raked into barrows. The trucks wheu emptied descend 
by the drop, and are run into sidings ready for removal from the works. The barrows are 
raised to the tops of the furnaces by the steam lift. The. slag flows from the furnaces into slag 
boxes or bogiea, and is removed by a locomotive engine. The pig iron is tapped from the furnaces 
four times in every twenty-four hours, and is loaded on trucks from the pig beds. These trucks 
leave the furnaces by a railway in the opposite direction to the one by which the materials enter, 
joining the main line of the North-Extern Railway at the western side of the works, where there is 
also a private wharf on the river Tees, forming part of the works, at which vessels of from 600 
to 800 tons can take in their cargoes. All trucks, whether full or empty, enter at one end, and 
leave at the other, by which means the greatest economy of labour and time in working the traffic 
is secured. 

The blowing engines, four in number, are placed in the engine-house at the east end. The 
series of eight boilers for supplying steam to those engines, to the steam-cylinder for lifting the 
trucks, and to the small engine which works the hoist, are placed as shown. The blowing engines 
all communicate with the horizontal cold-bla^it tube, whence the air is di^stribnted to tlie stoves, in 
which it is raised to a temperature of 1250°, sufficient to give a heat of 1100 -^ at the tuyeres ; it i» 
then discharged into the hot-air main, and thence through the tuyeres into the furnaces. 

The furnaces are closed at their mouths by a bell and hopper (cup and cone), and the waste gas, 
instead of as formerly burning at the tunnel-head, is withdrawn by the vertical tubes to an under- 
ground brick culvert, from which branches run to the hot-air stoves and to the boilers. Just 
before adding a fresh charge of materials the temperature of the gas is upwards of 600^, and 
descends nearly to 30(P when the charge has been introduced. As, temperatures of gases taken at 
top of No. 6 furnace ; — 

11.0 A.M. 815°, charge just lowered. 

11.15 „ 436° 

11.30 „ 634^ 

11.40 „ 335°, charging furnace 

Tlie combustion of this gas heats the stoves and raises steam in the boilers, so that no ooal ia 
consumed for either of these purposes, except in cases of stoppage. The entire consumption of coal 
in twenty-six weeks, exclusive oi that used in first lighting up and in calcining, has been 190 Urns, 
or 71 tons a week. 

The number of men employed about the two furnaces in twenty-four hours, exclusive of 
mechanics for repairs and platelayers, but including enginemen for removing the slag, is bcventy- 
seven — fifty-two in the daytime, and twenty-five at night; being one man for every 11 tons of 
materials of every kind, including slag, transported ; or one man for every 1^ ton of pig iron 
produced. 

A weighing machine is placed at the entrance of the works, for weighing the raw materials as 
they arrive. The pig iron U weighed on leaving the works, along with that of the other furnaces, 
at a point which is not included in the plan. 

Commencing at the point where the raw material enters the works, the first operation, as before 
stated, is to lift it to the level of the kiln-gantry, or stage. The average weight of a loaded truck 
is about 14 tons, and the trucks are lifted 40 ft. The hoist for effecting this operation is shown 
in Fig. 4239. It consists of a steam-cylinder A, supported on columns, fumisned with a piston 
and piston-rod, to the lower end of which is attached the cross-head of the cage B. The loaded 
trucks are allowed to enter the cage by a gentle descent. The steam is then admitted to the under 
side of the piston, and the load is lifted by the upward pressure of the steam to the higher level. 
The diameter of the steam-cylinder is 38 in., and its length is of course equal to that of the lift. As 
will be noticed, the cylinder is buOt in sections and bolted together with flanges, each flange being 
faced with a rebate so as to secure an accurate fit. There is no difficulty in imring out all the 
sections perfectly parallel. When the truck is removed at the top, the cage is made to descend 
again by exhausting the steam. This, however, is not allowed to take place directly into the air, 
but through the pipe C to the upper side of the piston. The latter U thus kept warm by being at 
all times filled with steam ; any entrance of air being prevented by the valve D, which opens out- 
wards. The actual exhaust takes place during the next upward stroke, when the steam on the 
upper side of the piston is pushed, along with any oonden»ed water, through the valve D, after 
which it passes by the pipe £ to the cooling reservoir, joining tiie wa^te tuyere-water in its v/ay, fo 
tliat the steam is entirely condensed. It will be perceived that tliis form of hoist precludes the 
possibility of economizing to any great extent by expansion. Its great simplicity, however, as well 
as its effectiveness and perfect ease in manipulation, are advantages which outweigh other con- 
siderations. 

The truck of raw material having been thus lifted, and having discharged its load into the kilns 
or bunkers, as the case may be, is passed on to the other end of the gantry, and lowered again to 
the ground level by the drop shown in plan. Fig. 4238. This drop may be briefly described as a 
friction-brake apparatus, supported on cast-iron columns. A platform, suspended by wire ropes 
wltich pass round pulleys, is keyed on to the same shaft as the brake wheels. The pulleys are 
provided with counterbalance weights, which outweigh the platform, and thus tend to keep it 
always at the top. When an empty truck is puslied on to the platform the balance is destroyed, 
and the truck is allowed to descend gently by means of tlje brake handle. 

All the raw materials having been lifted, as described, the ironstone, along with the limestone 
and small coal, is tipped into the kilns, and the coke into the boxes. These latter are constructed 
of wood, and are two in number ; each capable of containing 250 tons of coke. The flooring of 
each box is about 6 ft. from the ground, and is provided with four sliding doom, through which 
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when filled, is passed over a small weighing machine, and is then wheeled on to the cage of 
the fnrnaoe-hoirt. The entire lift to the charging platfozm of the furnaces is 92 ft., and the 
o<xistraotion of the hoist is shown in Fig. 4242. In this case, the moving power, instead of heing 
helow as nsnally arranged, is placed over- 
head, and consists of a double-cylinder 
engine, with valves worked by link-motions. 
The diameter of the cylinders is 8 in., and 
the length of stroke 12 in. On the crank- 
shaft are two pinions working into two 
wheels on an intermediate shaft. At tiie 
middle of the latter shaft is keyed a larger 
pinion, gearing into the main spur-wheel A. 
which is. 12 ft. in diameter. JSach side of 
this spur-whe^ is flanked by a grooved 
pulley, carrying a steel rope H in. in dia- 
meter. The ropes are made to fit the 
grooves with exactness, and they only pass 
half round their respective pulleys, the ends 
being attached in pairs to the two cages 
B B. Thus, while one cage is going up^ the 
other is soing down ; and the work is done 
entirely oy the friction of the ropes in their 
grooves. In order to secure equal tension on 
both ropes, the attachment to the cage is by 
a double lever, similar to a balBnoe-beam« 
which inunediately yields to any unequal 
stretching of the ropes. The cages are 
steadied in their ascent and descent bv 
guides attached to the columns G, whicn 
support the platform. The average weight 
raised at each lift is about 2 tons, although 
much more is capable of being lifted wiw- 
out the ropes slipping. It -will be perceived 
that the moment the descending cage reaches 
the bottom, the strain on the ropes is re- 
lieved, so that they will no longer hold 
sufficiently in the grooves to enable the as- 
cending cage to rise any higher. It follows 
that overwinding cannot possibly take place. 
The length of steam-pipe required for work- 
ing t)ie engine at this elevation is found 
unobjectionable in practice. The entire 
length of pipe from the boilers is 200 ft, 
and it is well covered with non-conducting 
material. The engines are usually worked 
at about 150 strokes a minute ; and calcu- 
lating for loading and unloading the cages, 
thev are capable of making one lire a minute ; 
and of thus raising in the hour 120 tons of 
materiaL 

Fig. 4243 is a vertical section of one 
fmnaoe. The foundation up to the ground 
level consists entirely of bnckwork resting 
upon clav. From tfa^ point a circular base 
is carried to a height or 7 ft. in solid brick- 
work, mainly of fire-brick, with a stone curb 
all round, on which the supporting columns 
rest. These columns are 18 ft. 6 in. in 
height, averaging 2 ft 4 Iil in diameter, 
with a thickness of metal of 2 in. They 
serve to support the structure fromthe angle 
of the bosh upwards, the lower part being 
carried partly by the wrought-iron coniiud 
casing, and partly by the brickwork and 
standuons which surround the hearth. 
The whole of the furnace from the tuyeres 
imwards is cased with wrought-iron plates, 
those of the lower or conical part being 
Jin. thi^, whUe Uiose of the barrel vary ttom ^l of an inch below to * of an inch at the top. 
The mterior of the furnace is lined throughout wfth fire-brick lumps 5 in. thick, and of dimen- 
sions VBiying ^th the internal diameter, no two courses being alike. The backing between the 
inn^ lining and the sheU is of ordinary fire-brick. Up to a short distance above the tuyeres every 
fire lump is ohisel-dressed on both beds and joints, and the same is also the case with the 
???*"■ P"'^^^*^^ consist of two courses set on edge and breaking joint ; the lower course being 
18 in. deep and the upper one 3 ft The foUowing are the principal dimensions of the furnace;— 




.^*J?l£i^*?^' '* "■ Total hMghl from tha heftrth to the pUtfonn, 85 ft. The onbkal aatadtr 
i» 80,065 oob.fi. Thaw we fbor toyaro^ Fig. *244, a^Ji ,ith » muzde 6 In. m duuaeteTiud 
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TMOowtrnotianof beUaodhatpptrfiB' ohuging the fnnuoe It ■hovn In Fig. 424S. It eotuiita 
of k bell nupended ttmn ft lever, baring at Ita <ntpaaite end • oonnterb«l«noa wetght mffleient to 
keep it obaed vheo not loaded with theohargeofinatariAls. The lever ft oonneoted to a pist^ in 
a nnidl ojllndn fllled vith walo', haTing a pa—age by whioh the water can flow tna one end of 
the ojliaoer to the otlier. Bo loojr aa this paoage remains oloaed the whole ^>pM«tu* li immor* 
able. Biz bMiow load* of maloial are ll|^ied into the hopper, and nat open the bell. A oatoh ia 
now leleaaed, and opena the pawage between the top and bottom <J the t^linder. The lerer i> no 
longer held l^ the piaton, whioh ia able to more trnwarda in the cylinder. The weight of the bell 
and ehaige togettm oreraofne* the ooontarwcint; tbajr dMoand, and the matirlala bU into 
the fnntaM. £a aocn aa they are elear of the bel^ the oonnlerweight prepondeiatei, the ball riaea 
■g^n, ekidng the ftmaw, whilat the piaton deaeenda and feraea Ins watw baek Ihioo^ the 
paaMge tknn tlw bottgn to tba top of the o^lndei, Tha paaa^a ia tbv eloaed, aod tba ^if«ratai 
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la nadv for the next charae. Tbla form of kwering apparattu Is the invention of lb. WrigfatRan, 
of the Ann of Head, Wrightson, and Co., Btookton. 
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indi abore the atmosi^ere. Thia pnanue ia Kdnoed to 1'2S Iba. bj paMiiig throogh the heatins 
atof«B, and floally to 8-75 ^^^ 

Iba., t^ the time it re&ohes 
the tnjera moat dialant from 
the blowing oylindara. 

The ohwge gTadoally ds- 
■Moda to the zone of f oaiaii, 
vhiUt the ^aacona producta 
of OMnbnabon, BDfflcientlf 
charged with oarbonio oiida 
to be tbemadTei coinbiutiblo 
on doming into contaot with 
ail, aaoend. The top of the 
fomtwe being oloaed, the gas 
eacapea throngh an opening 
at the aide and deaoendi the 
wronght-inm main or down 
oomei, which ia 6 ft 6 in. In 

gconnd bxiok milvwt Thia 
etdTMt tMTenee the entice 
iMiKth of the atoTee and 
boiloi^ eaoh of whioh ii 
fomiahed with a branch- 
floe and Talye, ao that eaoh 
may obtain ita ahara of raa 
•oooiding to ita require- 
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being alwan in aotion at 
one time, white one in rota- 
tirai ia allowed to oool for 
the pnipoaa of cleaning. 
nga. 42I3, 4245, ahow the 
interior of one aeotion. Tho 
gaa ia introdooed by the 
Talve B into the bwer 
ohamber, where it meets the 
air which enters by the 
opening 0. The gaa and 
air bemg here tlioronghly 
mixed, the flame arising 
tram oombtution playa 
amcog the east-lion pipe&, 
> by the chimney D. 
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The ocdd-blast main, as will 
be aeon In the plan, Fig. 4238, 
takes Ita commenoement at the 
back of the enstne-honae, there 
being a branch nuntalied with a 
Talve from each blowing oylinder. 

The blowing enginca are of 
the vntioal vnutrnotion, wliicfa 
baa beoome ao general in the 
Hiddleaborangb diatrict Thor 
are Ibar in nnmber, bnt oonpled 
in pair*, eaoh pair having a Bj- 
wheel between tbera, with cranka 
at rl^t anglea, E^ 4247, 4248. 
The oUaet of thla arrangement 
la to glTO (Mll^ for carrying 
OQt the prindple of expanBlmi 
to a greatei extmt tnan la 
nanallj dene. The redttance 
being direct and oonatant, tbere 
ia In a aing^ engine a difflenltT 
In turning tbo centre under a 
high dagno of expanaioi^ and 
CDoaeqiMot^ ct varTing prea- 
aurc^ eaoept with an unoanall^ 
beaTy ^-irtieeL When a pair 
of enginea iaooapled,aa In thla 
oaaa, the power thnmgboat the 
■b(^ ia Moaliied ao aa to ad- 
mit <4 a hlgber degree of ezpan- 
BKni. Tbeataamiacntofft^an 
additional aooemtrie worldng two 
platea on the bade of the ordi- i 
nat7 TBtreh and the grade of ez- j 
panflon can be altwed without 
atoMiing the engbwa br turning 
the wheel at tbe t<^ «U<di aoto 
on right and teft banded acnw^ 
ao aa to eaoae the platea to aiv 
proaoh or recede I 
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The preeaure of the ateam at the rnnge la 60 Iba., and of the blaat 41 lbs. ; tbe meed, 24 rerolntiona 
a minute. The ateam la eat off aJter the platon ha* moved through a fonrthoi itaatroke. Under 
theae oonditiona the blaat la aofflelent for the prodnotion of about OfiO tona of pig iron a week. 
The enginea are aoffldenUr abong in all thdr parte to admit of a mnrfa Krealer apeed of pinton, 
and by working leaa expanaivelT irill devetm power anffioient to blow an additional nunace. 

The boilers for auppljing the ateam to theae enginea are eight in nnmber, bat there are nerer 
more than aevon working at one time, every boiler being taken off for cleaning, in rotation, after It 
has been in work fourteen daya. Tbe diameto ot the outer Bbell of each boiler ii 5 ft 6 In., and 
of the flne 2 ft. 9 in. ; ita length ia S9 ft The boHeia are anapended by meana of aaddlee, wbleh 
vpua the top. They do not derive any aupiiort fMm brickwork underneath. In hont of each boUer. 
ia a comboation-cbBmber made of flre-brick, and into thia the gu ia flrat admitted tnaa the gaa 
calvert by valvea, tbe air being allowed to meet it In a oonoenltic perforated pipe fitted with a 
i^nlatOT. The wain tor beding tbe beOen la healed by theezhaoat ateam to about 200°, and tlie 
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feed 18 effeoted by two donkey-pomps, enoh haTing two plungers 4 in. in diameter; one pimip 
being sufficient to do the work in case the other requires repair. The burning gas, on leayizkg the 
oombustion-chamber, passes through a tubular flue and returns underneath the boiler to the noni 
end, and thence by the smoke flue to the chimney. 

The feed-pumps are situated in the small building attached to the engine-house ; and here also 
are placed the tuyere-pumps, of which there are two, each with double plungers 10 in. in diameter. 
They draw water firom the well, and pump it into the tank which forms the roof of the engine- 
house. From this tank the water distributes itself by gravitation to the yarious tuyeres, and then 
returns to the cooling reserToir, and from this again to the well, thus keepine up a constant circu- 
lation. The waste from eyaporation and other causes is replenished from the water mains with 
which the town of Middlesborough U supplied. The time occupied in the oonstmetion of the wodkB 
was flfteen months. 

For working the traffic of these furnaces, and removing the dag, two locomotives are required. 
The former has cylinders 12 in. in diameteor, with a stroke of 16 in. ; the latter has cyUndera 9 in. 
in diameter, and a stroke of 12 in. As the traction Ib occasionally heavy, the wheels of the smaller 
engine are small (2 ft. 6 in. in diameter), and the tread is short (5 ft.), in order to enable it to turn 
round curves of small radius. Locomotives employed for this purpose, not requiring great speed, 
have been usually geared after the manner of traction engines ; but the new construction is mund 
to do better, and without the same liability to get out of oraer. 

A self-coking blast fomaoe, Figs. 4249 to 4252, of peculiar construction, has recently been erected 
by William Ferric at the Monkland Iron-works. The fuel \b charged in the raw stete, under an 
ordinary bell and cone appliance. The height of the furnace is 83 ft., diameter at bosh 18 ft, and 
width at the top 12| ft. The top is closed by the bell and cone, and the gases are led to heatms in 
the usual way. The upper part of the furnace, below the space required for bell and cone, and 
terminating 20 ft. lower down, is divided into four compartments or retorts by vertical walls^ sup- 
ported on arches and radiating from the centre. These vertical walls, and also the ciroumfiarential 
walls, are pierced with flues, through which a portion of the gases, taken fh>m the top^ are led as fiir 
down the mterior of the furnace as the bottom of the retorts. The gas so oonduoteid, after being 
mixed with the necessary quantity of atmospheric air, which Ib admitted l^ means of gmtings 
placed round the outer stem of the furnace, is ignited and passes up through and around the flueiL 
and is assisted in its passage bv stalks attached to top of furnace. The brickwork on each side or 
vertical walls Ib 9 in. thick, and that between inside of retorts and flues in circumferential waUs is 
also 9 in. The temperature in all the flues will range from 1500° to 1700° Fahr. The heat in 
brickwork forming the flues is a bright red, which passing through the 9-in. walls, and combining 
with the ascending heat from the lower part of the nxmace, completelv cokes the cool in its passage 
down the four retorts or compartments, and at the same time, and m tiie same way, it raises ue 
temperature of the ores and flux to the same degree. In proof that the materials are at the tempe- 
rature stated, a hole was drilled, at the request of L Lowthian Bell, through the wall of the fumaoe 
at point A on Fig. 4249, about a level with the spring of the axmoB on which the retorts 
partially rested. The burden as seen through this opening was at a bright red heat, and the 
temperature, taken by means of Siemens' pyrometer, 6 in. from inside of lining, was at one reading 
1434°, and at another 1554°. The gases passing out of this opening were of a j^e blue colour, indi- 
cating that the f^ at that sme had parted with its principal gaseous component^ and was in a 
state of ooka 

The results obtained from this fomaoe have been most satisfiiotory, in rsgard to not only 
eflB^cting a saving of cosA and ores, but in superior quality of iron produced. In the Lsnarkdure 
district^ the quantity of coal required in the manufacture of a ton of Na 1 pig iron ranges tma 50 
to 52 cwt. in the furnace, whereas in this fumaoe a ton of the same quali^ can be {ooduced with 
82 to 36 owt., effecting a saving of nearly a ton of fuel to the ton of iron made. In oies^ the saving 
in this fdmace will be about 2) owt the ton of iron. One explanation of this saving in ores, writes 
William Ferrte, in the Journal of the Iron and Steel Institute, is. that they break into powder a few 
feet down the fomaoe, and are blown out at the fumaoe top, as is the case witii coal, where no less 
than 81-54 per cent of its available properties, in the process of smelting, escape as waste at the 
furnace top. 

L Lowthian Bell, the eminent and soientiflc ironmaster, states that practically in the blast ftimace 
the whole of the work is done, not by raw coal, but by coke, and the advantage of using raw ooal 
instead of coked coal is, that the loss of carbon whicn takes place in the ordinary coking oven Is 
entirely saved in the blast furnace when coal is used. There is also a small saving of the wages 
and labour connected with coking the coal, end also a very large production of gas. Bell considers 
that the economy resulting by the use of Ferrie's furnace is due to its height alone, but it is fair to 
state that Ferrie's explanation is held by many ironmasters of eminence. 

JBot Btast.-'The first idea of heating the blast, prior to its entrance through the tuyeres into 
the fumaoe, is due to J. B. Neilson, of Glasgow; who also has the merit of its first practical 
application early in the year 1829. Previous to that period, observes Henry Martin, in an 
interesting paper read before the Inst of Mechanical Engineers, the settled and firm convio- 
tion of ironmasters appears to have been that the colder the blast the better the quality and the 
larger the quantity of iron produced from each fumace in a given tima This conviction was the 
result of long-continued observations, which showed tiiat the produce of each fumaoe was always 
more in wint^ than in summer ; and as the difference most appreciable to the fumaoe managers 
between the one state of circumstances and the other was the t^perature of the atmosphere, this 
without further investigation was at once charged as the sole cause. Subsequent research, however, 
has shown that the more variation of temperature in the atmosphere from fireodng-polnt to summer- 
heat had nothing to do with this result, whidh is owing to a cause still as actively in operation 
and as sensibly felt with the blast heated to a temperature of 600^ or 800° Fahr., nauMlir, the 
excess of moisture, in the shi^ie of invisible vapour, contained in the air in the warm weather as 



ecHntMnd with the oold. Bo itnmglT Tooted, bowerer.wM the bdirf that tho tampcntorawM the 
onlj oireiimBtuioe •ffbotiiig tbe make of bon, that tbe graatest cObrta were made in nunmer 
to obtain tbe blaat as etxd aa poniblei amongst otbo plana, bjr pacnog it ofei oold water, with a 
lemlt of oonne oontmrr to ezpectatico, owing to a partial abaorption id tlie «i ' 

Aftar many experimnta with the original apnaiatni, which, whiltt ptovu 
hia id<«B, wa« Ibmid met^tanieallj to be very deteatiTC^ NeilMa introdooud ii 
Iron-work^ the rart-iion tnbnlar 
Btore. Figa 4253, 4294. An otct 
or store with one grate wat vm- 
■truoted behind each ct the 
tujerea, taTeie A being inserted 
at the baoK of the fonuKe, in 
addition to the two, one on eeiih 
side, which were used before the 
introduotion of liot bUst. The 
blaat was admitted into a main 
pipe running longitudinally at 
one side of the grate B : on the 
t^ ct this main pipe a nnmber 
of deop drcnlar eooketa were cast 
with apertnrea into tlje pipe , and 
on the opposite side of tlie ^te 
a similar main pipe D was fixed 
with coneeponaing sockets and 
apertmee, which was conneoted 
with the toyere-pipe inserted f-'- 




eaoh side of the gmte were then 
sonnsoted by cast-iron tubes E, 
each forming a semtciroular ajch 
of 6 ft spsn, fastened into the 
ioakets with . well-rammed iron 
oemeni The cold blaat wsa snp- 

Elted to each of Bie ovens by a 
ranch pipe taken direct off tha 
Urge main Item the blaat-engln^ 
and entered the oven at the end 
farthest from the grate ; it then 
naaud through the arched tubes 
E oyer the Are into the pipe D 
on ttie other side ct the grate, 
and thence to tha tuyere, leaving 
the oven at the end next the 
grate. Whilst the blast was tra- 
Tersing tbe two langltndbial 
pipes Bod the arched connecting 
tubes, it reoeiied tha direct heat 

from the grate, and was raised by this means to a temperature of 600° Fahr. The whole el tbe 
apparatoa was enclosed in aa arched oven, so as to retain and reverberate as much beat as poa- 
Bible. The general dimensions of the apparatos far each tnyere were ; — Diameter cf kngitodioal 
mains at each side of grate, 12 in. . length of ditto, 10 Ft. , distance betweeu ditto, centre to oentre, 
6 n. ; nnmber of arched connecting tubes, 9 ; int<^nal diameter of ditto, 4 in. ; eiteraal diameter 
of ditto, Tin.; beiglit from grate tonnder aide of arobed tubes, 4ft. 41u. i area of beating mrbce 
a toyere, 150 eq. ft. ; area of flre-grate a tnyara, 15 aq. ft 

Fig*. 4255, 4256 are of Martin Baldwin's hot-bUst ovens. From 1SS2 to 1851 numerous modi- 
Scations of Neilson a plane were used with varyiug eui'oeaa, but they all had defects which pre- 
vented their final adoption. Bearing in mind thue defects, Hu-tin Baldwin in 1851 directed hia 
efforts — Ist, to the constrnotion of a main of snch a foim that its eipanaion or contraction ehonld 
In no way tend to diBturb tbe socket-joints of the upright pipes; 2nd, to the construRtion of njwight 
pipes that should bave all the eipaneion they requii^ without tending to dieturb the socket-joints 
or to break or bum down ; 3rd, to tbe ooiistrDction of a form of oaaiug trhloh, whilst it gave a good 
fire-grate area, should ' be compact and ae far as possible roverberatory, so as to throw luk the bent 
on to the pipes and present aa little surface na poaaible for its abstractioa trora the oveiL It will be 
seen from the plan. Fig. 4256, that tbe form of maio designed was well adapted for the purposes in 
view ; being circular or annular In plan, cast in two semicircular portious. with a longitudinal dia- 
phragm through the oentre dividiogeaoh portion into two compartments: on tbe upper side of each 
semicircular portion twenty-four socket-holes were oast, twelve In each oompartment. making forty- 
eight totoL In the middle of the outer oompartment of each main, between tha sixth and sevenu 
socket-holeo, a stop 8 was cast ; and at either end of tha main an iulet and eotlet branch was east 
on, oommnnicating with the outer eoiii[>artment. Tha two mains being placed ou a briok founda- 
tion with flre-graUie below formed a complete circolar main, ready for the ineertiou of the upright 
pipes. These oonaiated each of two straight pipes about 11 ft. long, cost together, with spigot 
ends at the bottom filling into the sodceta on the main, aikd oloaed at the top with the exception of 
a lateral opening to permit one side <J the pipe to commDnioate with the other. Each pipe was 
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4lB.liiridedi«iMtertadl{lii.Udck. Twentj-fboi of Umm pipes w«m fixed In thi. noket* on the 

nwlns, the joints well rammed with itoD oemeut ; and a ouoohr cmIq^ oT mMomr lined «itb 

flie-briok wu eraotad 

nnnd tbem, and mr- *"*■ ""■ 

mouDted with an 




the onttide oompart- 
ment of the mains aa 
ht aa th« stop S; 
ukd then puaing op 
the eater i " 



np the inner odes of 
the next six pipes 
and down their outer 
ddea into the onter 
compartment of the 
main* bejODd the 
tiopj and theiioe ie- 
Boed throngh the oat- 
let branobea at the 
hotends of the malDi. 
Thi» oven was 
fonnd to gire a tatls- 
faotorj heat, though 
not superior to that 
obtained with some 
of the other deacrip- 
tioniofoTensibatiD 
freedom from fkaotnre 
^ leakage of joints it 
was soon found to be 
Tsrj greatlT superior 



reaUTSui 
17 others. 

itsfrn^hnnftmn frao- 
tnre or kakage, at- * 
tempts were early 
made to imimye the 

mode of Mttiiig of this ronnd oven, so as to obtain a larger heating power ftom it. One of the 
first defects observed was the position of the staok-flne directlj over the fire-grate, by whiiih 
arrangement a large amount of the colamu of heated flame and gases, instead of being distributed 
amongst and about the pipes, passed direct out at the stack without coming in oontaot with tttem. 
To obiiats this difficulty, in tbe next oreii erected the bole through the brick dome at the Uip 
oommnnioating with the stack was built up, and the flues distributed round the outside easing Ot 
the oven at the top, so as to create a draught from the grate to the bock of the pipea all round. 
Tbls was found to be a oansiderable improTcment, but was to some extent countersded by the easing 
of tbe oTCn being set back 14 or 15 in. from tbe pipes, in order to allow of back flues oeing taken 
under the mains from the grata, that some heat might ascend at the back as well as lbs mmt of 
the pipes ; bj this meana a considerable amouat of the rererberator; efieot of the costng on tbe 
pipes was lost. It will be seen also that in the first form of round oven, Figs. 115S, 4254, a fire- 
door was placed at both tbe cold and hot ends of the Erate; this was fonnd to be very detrimental, 
especially in a high wind, ss tbe oomparatively free draaeht playing under the grate frequently 
blew the fire out at one door when blowing full in at the othe^ mterfering seriously with the proper 
draught np the oven. These various defects were remedied by a different mode of setting: tbe 
•eoond indoor was done away with, and tbe ash-hole blocked up at that side :- tho brickwork was 
retained, as at first, close to the pipe^ with only about 4 in. spare ; and the top flnes were plaoed 
round tbe oaUide of the casing, su as to distribute the heat es much as possible among tbe pipes, 
with oonsldetable advantage in the increased heating power of the oven. 

Figs. 4257, 4258, show a furthi^r improvement of the ronnd oven, representin 

hilSST.with an internal oore C, at Henry Martin's suggestion, for Halloway's L_ 

Forest of Dsan. This nrranKcment has t>cen fonnd to be a valuable improrement, increasing the 
heating capacity of the round oven to " .....,■ a _..i . „ ...__ _. • < 

The advantages of a core oouslst ii 



g it oat again on 
_., , arapjing tha laigB vaoaut Bpiioe In Uie oentre of tlw oral, 

thereby oompelling > muoh Iatkbt fttnoant of the heated guen to oome into oontMt with tlie ^paa. 
The areft m flie-ente in tlile 

OTon iB 88 aq. ft., and the ana of *^- 

dlraot heating •nr&oe iu the 
pipea 850 at), ft oi 280 aq. IL a 
tuyere for tnree tnyerea; It ia 
capable of heating the tdaat for . 
three tnyerea to • temperature cf 
about 800° Fahr. 

Shortly befine thia Utt form 
of round ona waa erected, Joaiah 
Smith, of Dndley, who had paid 
great attention to the nibjeot, 
and to whom in a gre«t neaaore 
the preTioiu improrementa in the 
aettmir of the round oven were 
doe, finding that he required 
latlier more heat than cue romid 
oren would afford, and not wish- 
ing to go to the expenie of ereijt- 
ing two, deriaed the plan of 



ea(£, thna forming an oval main 
mid isoreadng tne number of 



two in each ona, i 
aamo time aflbrding a 
ble additional apaoe for the Are- . 
grate. Thia wee found to be ao 
gHBt an improvement on the 
ordinary round oren, that in the 
next one oonatmoted tlie maina 
were further ehmntad ao as to 
hold elgbtetti pipea each, or 
thirty^ an oren, with a jm- 
pntionato increHoofflre-giate: 
at the Mune time a mddle pai- 
titica waU waa built between 
the two nMin^ the oren waa 
thna diTided Into two dirtinot 



be clMned out at any timo 
withool Intatfering with the 

In the next eiampte of oral 
oren the middle wall wai orer- 
hnng an e*Qh aide by conne 
orer ooutn being gathered orer, 
thua forming a core, wliioh wm 
fimud to prodDoe the aame itrik- 
Ing improrement a* In the round 
oTBU before deeorlbed. An oven 
on thia coDatracticD, with 56 eq. 
ft. of giate ana and 1390 aq. ft. 
of direct heating mattet, waa in 
1859 heating the blast mpply- 
ing aeren tnyerea to a tempera- 
tore of 800° Fabr. at Martin's 
works at the Parkflold Fnmaoea. 
Figs. 4253 to 1261 ahow d farther 
example of this mode of oon- 
■trootion in the ease of an oval 
oren with core having forty 
pipe^ erected by Martin m 185S 
at Parkfleld, in which the ai 



of fire-grate is H so. ft and the am of direct heating snr&oe in the pipea 1500 aq. fL, or 250 
sq. R. a tuyere for siz tnyerea. 

In Older to oleanae the oven without having to ahnt the bloat off, small oast-lnm box ftwnea 
with doors have been inserted in the brickwork at D, Piga. 4259, 4261, oppoaite e»A t* the top 
fines; by whioh means aeaea ia eivn to one at a Ume, and they oan be cleaned oat all in aiiooee- 
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•ion fai ft few boon irlthoiit tnteriMng m any vbj with the workhig of ths ortm. The dmt 
mnoTed In olcMiitig tbe«e flnte would to scxne extent fall down in betwaea the npright |dpM 
Mkd behind the OBin pipe. To eleense these puts of the otcd, imkll boi tnaiM am uueited et E, 
Figs. 4259, 4260, oppoeite each ■pace betweeo the pipei and ueai the aookel-jointt, to that all inb- 
biui CT dirt whbdl might aaonmutate between the pipea can be remored; and »lmiT«T oleanstng 
bfdea placed behind the main at F enable the process of cleaning to be ontnpleted. Though thii 
might be eoittidered a minot point, it ia really one of oonildeiable importunoe in an oven such as 
that deaeribed ; Ibr in ooniequenoe of the freadam fhim liabilitj to fraetoie oi leakage, the otm 
oan thna be kept oontinnon«lj at work foi maoy yean without the neoeedtj fia' the bla«t being 
onoa taken off fbi olemting out the or™ 

We extraot the following paitic-' 
for blust f uinaoM from a paper n 
1870;- 

In the year 1828 Nellsou introdnced the plan of heating the air employed aa blast in the waj 
we have dewiribed, p. 2056 ; and aubaequent improTements have enabled ni to obtain with pipe 
atOTee a tempeiatnie of 900° and in aome few caaes 1000° Fahi. The wear and tear, however, w& 
aneh tempBratoiea of blast are considenble, and great oare is reqniaita in the management of the 
stovea, or they would eom melt or be destroyed, wheneTer the current of oold air throogh the pipM 
ia stopped, »», tor inatanoe, at the time of tapping the furnace. 



muat be ooniiderably hotter than the air paaaing throagh them, or the oonduotioD of heat would he 

very alow. Thai, again, the heat of the fire, or of tiie products of oambuation, must be considei>- 

ablj higher than the [dpee, in Older that they may be heated with anlBaient rapidity to prodnoe Uie 

neoeaiaryreanlt. There ,„, 

are thua two loaaea by ""■ 

conductiop, beddM 

that through the metal 

Itaelf, and the natnral 

result is, that the pro- 

dncts of oombnnion 

generally paaa away 

from the BtOTee at 

about 1250°, oanaiDg 

one great lorn of heat, 

besides falUng to heat 

the blast to the desired 

d^tree. 

The fiiotionof the 
air through the pipe 
atovea,oi tne leductioa 
In the preamreof the 
blast, or uUm <^ blast, 
aa it u ootnownly 
termed, is always oon- 
■tdeiable, and the leak- 
age of ab or loaa of 
blast is likewloe an 
item with p^ stove*: 
and when U^ get out 
of repair, noa the 
warping and twisting 
of tna plpea, and era- 
aeqnent ttiaining i)t 
the nnmerona jrints, 
the leakage beoMDea ao 
oonaidenble that the 
■tovea have to be laid 
off for nme time for 
heavy repaira. Thia ia 
auoh a aerions matter 
th«t pipe atovea are 
often worked In a 



leakyt 
sitatlDi 



. .__ r englne-pawer 
for blowing air use- 
lessly, in plaae of Ita 
being nUlDEed in the 
blast fomMe. 

The atovea, Figa. 
4262, 4263, are based 
upon the principle of 

the regeneimtive funtaoe intT"duaed by Sunena. Eedi liove of a pair oonMata of a wmagfa^ 
iron cylindrical casing of light boilerworh A A, having a flat bottom standing on the ground and 
a dome at the tf^. It ia lioad with briokwodt tbiooghout, and ij provided with a oireolar oentnl 
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abaSt or Due N, which extendi to within ft few Eset of tlte inoide of the brick dmne. Aionnd thia 
Bhaft thers are a Dimiber of oomnartineDtB or boxes BB, formed of brlolu m plooed tliat thoae in 
one CDurae are not eiactlj ooincideat in poittiou with thoae in the ooaraea either above or below, 
thoDgh a paaaage ia left open from the top to the bottom of the ntua of brickwork. That a new 
kind of reEenerator haa been introduced, which ia aappotted cm caet-iion gratinga at tlie bottom or 
ooolput of the atovo, 

Tlie wionght-iron casing A A, Figa. 4262, 42^ ia provided with several valrea, thiee being liir 
tho admianon of cold blast E, of gas S, and of air fur combnation L, and two being Ibr the exit (J 
the products of comboation 

and of the hot blartF. These "•»■ 

vnlvca we all of simple con- 
struction except the lut-bhut 
valve F, which liss a Buall 
ciionlation of water tbroogb 
it to keep it auffldeotl; oool, 
jnst aa the temperature in a 
tuyere is kept down by a cir- 
oulatioa of water aronnd It. 
Ttiid haaalwayaanaweredlhe 
purpoae very well. Tlieopen- 
iDg and abnttLug of the valvea ' 
at intemU of aevenl honn 
are matteia of simple loutina, 
and are in bet all the atten- 
tion the alovea require be^nd 
an occaaional otnervation to 
aee tliat the stove has gas 
enongli. There i* no feu 
that these atovea will get too 
hot, aa it ia flre-briok that U 
being heated and not oast- 
iron pipes. Sai^wdng, then, 
that a store has been regU' 
larl; at work heating blast, 

and It Is wiahed to heat the atove up again, the first thing to be done ia to pnt another stove oa, 
and then shat the hot and the cold blast valves F and £, and allow the air in the atove to blow 
out at a small valve o to rednoe it to atmoepherio preasore. The gaa, air, and ohimnej-vulves 
K, L, and O, are than opened, and the gas at once ignites as it ent^, and givee a large volume 
of flame right op the central aiiaft and over and into the regenerator, thns heating the top oouise 
of brickwork considerably, the next oonrse rather leaa, Ihe next still le«s, and the lower putt d 
the regenerator not at all, the products of combustion pMsiog «wa]r to the ohimnej at a t«anpeM- 
tnre of abont 300°. Then, as the heating goes on, and large quantities of heat are taken up by 
eaoh coarse of brickwork, the heat penetrates by degrees lower and lower into the legeuerator, 
until a good red heal has, in the oonrse of several hours, reashed nearly to the bottom, thus atorine 
up a large amount of heat in the bricks forming the regenerator. The gas and the air are neij 

toff; the chimney-valve is alaoahut, '' ■■ << ■ ^ ■ - --..-....... l .... .. 

opened. The atove then again doea d 
peratiire of llOO' to 1500°. 

All the hot-blast pipes from the atove to the furnace areof wrought iron and of large stxe,soas 
to allow of several rings of brickwork lining to prevent loss of heat. 

When Cochrane and Go. adopted the regenerative hot-blast atovea aome years ago at their 
works at Ormeaby, it was at first aontemplated to nse the waste gas bom the top of the blast fur- 
Dooe for healing the atovea. On considemtion, however, it was uionght that the dnat mixed with 
the gas might choke up the regenerators, as tnoj were at that time alwa^ filled with cboqQored 
work : the bricks being so plaoed, Fig. 4264, that in eveir case a hriok atood over a narrow slit or 
passage, though a UtUe above it, thns stopping and splitting the onrrent of air, and effectually 




preventing anv brush &om being passed through the slit. The new orrangemrnt ia shown in plan, 
Fig. 4265, anil in section, Fig. 4266. Again, a blast of air or steam through the slit was ineffective 
fur blowing oat dual, because there existed free horizontal openings in all directions, by which the 
Ibroe of a blast applied to a slit was at once diapersed and lost 

Cochrane therefore erected Siemens' gaa producers, and for same years worked the stoves most 
Boooesafnlly with gas so produoed, and which contained no duat. After this, they bnilt large brick 
chambers, with an oxtonsivo series of alielves inside, for the purpose of catching the dust entering 
with the gas from the lop of the blast furnace, which wns passed through such duat-cateheis before 
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being used in the hoi-blaat stoTes. Now, however, by the nee of the later impioyementB, inyented 
by SiemeDfl, Cochrane, and E. A. Gowper, and embodied in the stoyes just described, the cost of 
saoh dnst-catohers is avoided, and the expense of producing gas Ib also saved, as the gas is used 
direot from the top of the blast fumaoe, and the stoves can be cleaned out with the greatest facility. 

The arrangement of blast-pipes, for air or steam under pressure, for cleaning out ^e dust from 
each compartment or set of boxes seriatim, is shown at P and at Q, Fig. 4262. That at P consists 
of a wrought-iron pipe jointed to a central pipe capable of revolving bv a worm and worm-wheel, so 
as to bring the pipe over each box in suocession, and blow violently down it to clear out all dust 
The central pipe nas a slight vertical motion given to it each time the pipe P is brought nearer to 
the centre of tne stove. The blast-pipe Q, shown in dotted lines at the oottom part O of the steve, 
has a small sheet-iron cone or umbrella attached to it, to keep the dust off the workman when he 
applies the pipe to blow upwards through the boxes. The bottom part of the stove where the cold 
blast enters is always very cool, and can at anv time be made quite cold bv running the cold blast 
through for some time longer than usual* and then a man can enter at tne dhimney-valve at any 
time. The construction of the regenerator in compartments or boxes, connected together vertically 
but not horizontaUy, gives the power of applying the blast with efficiency, inasmuch as the whole 
force of the blast is confined to the one passage that is being blown at the time, and admits of a 
good brush, like a ohimney-sweeper^s brush, being passed up or down through the boxes to brush 
out the dust if preferred, the brusn being provided with a long-jointed or flexible handle. 

The form and proportion of the pasaaees have been found, aiter numerous experiments, to pro- 
duce an excellent effect in stining up and mixing the air passing through, inasmuch as the current 
is caught by the two contiguous sides of the box that overhang the one below it, and thus is, so to 
spei^ turned over and over, first on one side and then on the other, producing a most intimate 
mixing of the air, and therefore quick and good conduction of heat from the hot bricks to the air, 
or vice vend, from the producto of combustion to the bricks. It is obvious that the same surfiuses 
that take up the heat are those that again give it out to the blast, so that there is but little loss 
from bad conduction ; and the cold blast is thus heated to a high temperature, and the producto 
of combustion are cooled to a low temperature, in fact nearly exchanging their temperatures, 
instead of the producto of combustion, as in the old cast-iron pipe stoves, going away Car hotter 
than the temperature of the blast that then obtained. 

As a rule, a small stick of lead was employed as a test, to ascertain if the blast was hot enough 
in the pipe stoves, as it would melt the lead if hot enough; then zinc was used in like manner; 
but wiih the regenerative stoves antimony is required, and that is cut or melted in three or four 
seconds. Glass rods are melted easily. 

The resulte obtoined by Cochrane and Co. from the adoption of these stoves, as regards the 
quality of the iron, the increased make of iron, and the large saving of coke in the blast furnace, 
have been most satisfactory. Hitherto there has only been one drawback to the use of gas direct 
from the top of the blast furnace, namely, the dust, which has prevented the extensive employment 
of the regenerative stoves. As that difficulty has now been overcome, many ironmasters are con- 
templating their immediato use, and several are erected at Barrow-in-Fumess of a larger size than 
any made previously, besides others of a smaller size in other parte of England, in France^ and in 
Gwmany. 

A form of hot-blast stove. Figs. 4267 to 4269, has been introduced and worked successfully at 
the Consett Iron-works by Thomas Whitwell. It presente in common with Cowper's stoves the 
advantage of using fire-brick instead of iron in ite construction ; it is exceedingly durable, stends 
a temperature of upwards of 1800^ without damage, is readily cleaned, and in certain oases effecte 
a considerable saving in fud to the ton of iron made. 

Fig. 4267 is a vertical section of Whitwell's stove. The hot-blast valve A and the cold-bhist 
Talve being dosed, the gas-valve B is opened, through which the gas enters the stove, traverses 
nn and down the spuses between tiie upnght walls, and enters the chiomey-fiue by the valve D. 
Heated air is suppued to the gas by means of the air-valves a and c and pasaaffes b and <f, by which 
an intense combustion is secured. The chimney-valve D and gas-valve B being dosed, and the 
hot-blast valve A being opened, the cold blast is admitted through the cold-blast valve C and 
issues from the stove by the valve A red hot; all other valves being dosed perfectiv tight. When 
it is required to dean a stove, the top cleaning doors £ are opened, and the walls scraped with 
the cleaning tools, when the dust deposited on the heating surfaces falls to the bottom of the 
stove, and is removed by the bott<»n cleaning doors F. 

With respect to the mooted question of the correct temperature of the blast, it is fiedrly summed 
np in some remarks made by Sir William Fairbaim before the Inst, of Civil Engineers;— 
" Fairbaim steted that the quality of iron had been ffreatiy improved since the introduction of the 
hot blast This arose, in his opmion. firom the higher temperature of the blast, which not only 
tended to increase the temperature of the furnace, but raised the mdting-point of the ore, and 
Tolatilixed the phosphorus, sulphur, and other iniurious elemento, which, at a lower temperature, 
combined with the iron. Tliis was certainly not the case since the blast had been raised from 60(r 
to 900^' or 1000^; and he believed that if the temperature was increased from 1000° to 1500°, the 
quality would be stUl further improved, and the value of the produce greatly enhanced. In his 
early investigations of the comparative value of hot and cold blast iron, ne did not discover much 
difference in their mechanical properties; but many of the ironmasters took sd vantage of the 
discovery to remdt their old cinder neaps, and the result was a description of iron litUe better than 
pipe-day, which gave the hot blast a bad name, and caused engineers, without further inquiry, to 
insist on having cold blast in their cast-iron constructions. At the present time litUe or nothing 
was said of the difference between hot and cold blast iron.** 

Oupoh Furnaces, — ^In cupola furnaces the blast enters generally either through tuyeres or through 
horisontal or vertical slito at the sides of the cupola; but a disadvantage attends these arrange- 
maiits^ jT^iMffmtph as the blast bdng too oold at the beginning to oombine at onoe with the carbon 



raqwotive qnutiUM of fnel wd of bkit thftt Me ictrodnoed ; ud whoa mffloiait ftiel U ■niiDlied. 
Uw point of groktcrt heat wiU be sttwOed ftt the ief el, where kU the oxygen in the blMtUa 



bcMtae eubenlo ozid& It la foimd In pnoUoe Uut tbe mdm of level of tUi potnt e: 
■ereral feet, aocotdiug lo the qnsntity of fnel used, the height being genenJi; sbont 
the leTsl of the tuyerea ; bat in the attea mootlj met with in foun^iea then 1> not & anfflcjent 



J sbont S ft. ftboTO 



kjen of the foel, and it oozueqnentlj puaea the hot metal «nd caoKa it to be burnt The WMte 
upon tbe metal pnt into the onpt^ amoants to from 9 to 10 per oent geneiallv in tlieoe foinacM ; 
and the rapid burning awa; and dcetnictioD of tbe lining eitenda mez a hsght of S to 6 ft. from 
the hnrth. Another dindvantage, resulting from tbe neoenaril j oonflned «paoe ooonpied bj the 



tnverea or blaat opaninga, la that the blaat, being thereb; mncentratad, aoti upon tl 
talned in the iron, and oonMqnently deprives the Iron mora or leaa of iti fnubilit;. 

To remore theae dlMdvantagea of the ordinary constrnction of cnpolaa. aay a Jaoob Eiohhoni, in 
a papar read befine tha Inatito&n of HeohaoicM Engineera, a plan hai been deriaed aitd earned 
il anecoarfnlly bjr Henry Erfgar, of Hanover. Erigar'i plan auna at tbe aooompllahment of tbo 
.^lowing ol^eola; — To eoocenbate the heat in the lower urt of the onpr'- — *- -- " 
faellitiea for eaallj repairing the fnmaoe lining, and to nndei tbe aoticti oi 



following ol^eola; — To eoocenbate the heat in the lower urt of the onpolL where thera ar« 
faellitiea for eaallj repairing the fnmaoe lining, and to lender tbe aotkn of the onpola nntfonii 
thronghont the operalioQ <tf melting; to give the hearth inch a alie that the oolnnin Ol fnel 



between the layer ot melted metal and the level where the blaat altera the Interior of the ftimaee 
may vary )mt UtOe In height, io aa to limit the range of the destmotlTe aeti<» apon the fnrnaee 
linins; and to ennn thebUat being taken op In the carbon of the thel bnm the moment of ito 
enleitng the fnmaoe, and ao prevent It bom iDjnring tbe heated metal by ozldiilng it. 

Tbe conatraetlon of Krigar'a onpola ia ihown in Flga. 4270 to 4273. Fig. 4270 la a vertical 
^- — * ■■ • ^- aide to aide: and Figa. 4272, 4278, 



iPip.4: 
icm nom 



onpola. The ahaft A la anpported at tnmi and back by aichea B B over the Ic . . 

and at the ald«B of thia obambar la alao a backing of land lo keap tbe beat in. Over thia backing 
ud ronad tha bottom of the ahafi A mns tbe ^paaaage D D, Into wbioh tbe " 



any prominent part npon whloh the Same oonld etrike, and whl^ wonld be expoaed to rapid 
deatraotlon. A baoking of aond la naed behind the brtckworic to oonoentrate the heat tn the 

1- tn. — «._« 1 > ... . . . . . . . . •.•> .i|^ lower chamber CC; 

_n. Over thia backing 

, ^ , h tbe blaat is delivered 

tmu the two air-malna BE; and the blast entering throngh thia paawse coda tbe brickwork of 
the onpola, and beoomea heated itaelf ; it then paaaea down mto the melting ohamber CO throngh 
the two Icmg aloU P F in the roof, one at tha front and the other at tbe back. FigL 4270, 4272, 
extending the whole breadth of the hearth. These slots are oonitmeted by leaving a apace of 4} in. 
width between the outer archeaO.Flg. 4271, and the inner aichea BB that carry tha diaft A; 
the length of the hearth H from front to back la oonieqneDtly made greater than the brtaidUi. 
The boot of the onpola ia oloaed by an iron door K on hingea, extending the whole breadth ctf tha 
hearth ; and a amaller door L la placed at the back, to faollitate the drawing of the onpola by 
Inaerting a rake at the back ; by thia meana the drawing of the cnpola can be aoconpUahed 
Mgnlarl; within three n foai minnlea. 



1) owt. of ooke U plxwd on BhaviDgs 
or lome bnnUnK ooke upon the bearth, 
Mid mora I« added by degreea from the 
trant <toor, until eJl the ooke intended 
for the Drat fllliog ii put in. The door 
K i« then doied, being flirt wetted on 
tlu inride; md the tai^iing hole J ia 
fimued H nsnal br plaoing olay round 
ft wetted itiok. The whole height of 
the dooT ii than pUsteied on thelndde 
with ft mixlnie of olaf and aaud, the 
door being wt fbiwardB abont 5 in. in 
boot <tf the breaat of tbe rarnaoa, to 
allow ipaoe enoqgh at top for the for- 
n to get nil arm in far lining 



of dloelQg ia tdapted tor eapolM work- 
ing with a prewura of bloat of from 
4 to 7 iu. of water ; but where the blast 
ia stronger, a wall of ooke la first bnOt 
up inside the melting ohamber C and 
wetted : and the door being ahnt and 
aeooied with wedgea, the space between 
the door and the wall of o(A» la then 
filled with foondij Mad rammed in. 

Tha amoont of fllling that ta pot 
Id tat atartfog the enpola Tariee mth 
the aise of the ennola and the qnaiitlt; 
of melted metaT that the bearth b 
Intended to contain at cnoe ; but tha 
amount ia always much leea than ia 
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nanall; employed in other oapolaa. One of the Krigti'i capoloa, cftpable of meltliig 8 totu vS iron 
HI hoiv, requirea a filling of 2| cwt of ooke for etcu'ting it, or 3} owt when it iB intended to keep 
the whole of the melted metal )□ the hearth, to be tapped Edl at onoe. Upon tbia fiUine a chEirge 
of 8 owt. ia added from the top of the oopohk ahaft, aad then aboct } ovt of ooke : and the eame 
in BUDceaaion, nntil the whole charge a pat in, flUiog up the ehaR A to the lop, as in Fig. 4270. 
After the casting, a certain qoantilf of (be ooke U drawn out tmcoDsamed. The aTerage quantitr 
of coke oonsumed is l^owt,, or 168lbe. tbe tonof iroa melted, when only 3 tonaare melted in each 
charge; and tbe conimnption in 147 Iba. tbe ton when obargeeof 6 toMaremelted,- and 140 Ibi^ 
tbe ton with heavier charges. 

Tbe tnetal melted in tbia cnpola ia foand to he very fluid, and indeed ao flnld. that In tb« 
oatet where in an ordinary onpola eeldom more than onfr-balf of cast-iron acrap is naed, thia cnpola 
bean under the aame eircnmatancea the addition of fully three^uartars of acrap. At the aama 
time the aoftneM of the metal ia retained : or, aa it ia oommonly turned, the metiil ia olean. If tlie 
-'-•" — " ■■ - "efiUii ■ '■' ■■' ■' ■■ 



onpda was empty befco^ filling oommenoed. 

Thia oapola haa the adTanbige of allowing the whole of the metal melted daring one hour to be 
retained in the hearth; the raault, however, ia not obtained by inereaaing tbe height from the 
bottom of the hearth to the orown of the archea carrying the ebaft, but by inereaaing the length of 
the hearth from front to back, ae ehown in Fig, 4270. If tbe height from the bottom of the bearth 
to tbe areliet ia made too great, the metal loses tbe great fluidity that distinguiabea tbe working of 
this cupola. The height from tbe tapping hole J to the charging opening at the lop of the shaft A 
ia from 13 to 14 n. As the construction of tbe cupola causes it to work hotter than ordinan 
cupolas, it reanlres a smaller area of shaft than an ordinary cnpola for the same blast and yield, 
tbe reduction being iu tbo proportion of ubout S to 7: any eiisting oapola shaft can therefore bo 
altered to this plan, and will still yield more metal than before in the same time. 

The quantity of blast required is 30 cub. ft, a seoond, teduoed to the pressure of the atmoaphere, 
for each ton of iron melted an hoar. The pressure of tbe blast used may be as low as 4 to 5 in., 
bnt a preamre of 8 or 9 iu. la genenlly adopted. Whether this or a still higher preBaoie is osed, 
tio farther economy of ftel is obtained, bat only a greater qnentity of metal is melted down in the 
nme thne by tbe Hune fbnaoe. 

With regard to the wear and tear of the onpola, the lower port ot the shaft A ia eipoeed to the 
greatest destrncticn, but that is the only portion whioh suffers mote than the lining of an ordinary 
cnpola, and it is easily aooessible for repofr. The ooke ftdliug from the shaft into the meltiug 
chamber C 0, Fig. 4270, standa there in a heap, upon which ttie blast mshea through the two 
Tee slots F F in the roof; and the beat from the homing fnel being radiated into the aii' 
-„--s D D, tbe blast becomes prepared for combining rapidly with the carbon of the fuel, before 
kt an opportunity of coming in contact with the melting metal and wasting it by oxidation ; 
Bud the action of the blast is flaiahed, as may be judged from 
the appeatauoe of these cupolas, at a leyel of only about *''*• 

14 in. above tbe erown of the archea BB, Thia oorreeponds 
to the portion of tbe onpola that reqnirsp to be renewed 
obont every three or four months, and a small arched iron 
bar of 2 or S in. width, remaining constantly in its plaoe in 
each arob U, allows of the arobes being readily replaoed at 
any time wiUiout the iiitradactloa of centring. The shaft A 
nmwi very little wear Itself, and after dx months' work it 



passages D 
It has an < 



a only he Mid that the bricks are strongly glazed. When 
uie aiwee BBare replaced BTery three or four — "■- "■- 
hoB only leqnirea patcbiog or plastenng up oi 



t, twioe a week; and only abont bMf or little moro of f 

the repairing material Is required that would be ceoesaary 
In an ordinary cnpola. The total cost of wear and tear tliere- 
fbre does not at moat exceed that of the ordinary cupolas, 
vhila there is less trouble in keeping Erigar's cupola in 

With regard to eoonomy of metal, the recalls of the work- 
ing of this cupola are found to be that in melting pig iron, 
auch OS Colder No. I, the loss amounts to S'4 per cent, on 
the metal weighed in ; and when mixed with tbreo-fourtba 
of railway-chair scrap, the Ices is only 2' 2 percent 

Fi^ 4274 to 4:^76 are sections of one of Ireland's onpolas, 
of which a largennmber are at work in England. The cnpola 
has two rows of tuyeres, and is made with bushee like a blast 
fnmaoe. In the lower row there ore tbn?e tnyerea, each 
$ in. in diameter inside, whilst in the upper row are eight 
tuyerea, having a diameter of 2 in. at the nozzlee. Tbe cen- 
tre* of the two rowa of tuyeres are 1 ft 7 in. apart vertically. 
The lower part of the fnmaoe is 2 ft 6 in. in diameter, 
its aiie being reduced where the tayeres are inserted to 
1 ft 8 in. The boehea are 1 ft 9 in. high, and enlarge 

from Ittein.to2ft.9iiL in diameter. From the top of tbe boshes the fiiraace continnea 
S ft 9 in. in diameter for a hdght of 4 ft 9 in. to the charging door, and then enlarges to a 
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dUtmeter of 3 ft. 8 to. for the ntosfiider of itB height. The totaJ height of the ftirnwe from the 
floor to the top a 21 ft., and the diameter oatside the iron caaing 1 fL I in. In enlarging Uiia 
fumaoe it aboold be filled with oohe to the top of the boshes, and four aeparate hnodredireigEita of 
iron, alternated with 3 cvrt. of oohe, then be introdaoed to fill it up to the charging door. In these 
fumacee a ton of freely -niuning iron bos been run down b; 1 1 cwt of coke, but more usuallj fhim 
2 to 21 owt are reqai^d. Qreat care sbontd be taken that the fumaoe is kept to its proper shape 
. by dahj, or at aU events freqnent, repairs. The ebargee should also be made level, and not 
tbioker in one place than another. 

Fig. 4277 Hiutwa some of tbe principal details of a cupola fnnuioe blown hj steam-jeta, as 
omstmoted b; Woodward Brothers, Hanchester. 

The flgoie i^nMeiita the oimola in position ontside the foundrj, with the metal spout F pasting 



Into (he latter through an opaning in the waU. The steam-pipe ia 

._i ...i_. — ?., ila mHu a boiler, it is carefully lagged 

a a jet A, formed by a 



taken up to the top of the cupola bom a boiler, it is carefully la 



in a locomotive chimney, tha 
, as there is no necessity in 
r any alteration of the size of 
imace at the bottom Ihrongh 
radially at two differeut horl- 
is four openings, or air-inlela, 
pper row there are eight air- 
if theae inlets has a cover, or 
om the ontaide if neoeesaiy. 
at the tap of the furnace, and 
« operation. Whenever it is 
periods requiring oontinnons 
the fnroaoe with a feeding 
and closed by a lever. The 
figure is 3 fL at the botbM, 
ft., and inside diameter of the 
. 9 ft The door at the bottcm 
ing the fnmaoe and drawing 
als remaining at tiie bottom 
I completed. In working, the 
fnriiace is charged with al- 
ternate layers of coke and 
iron, as Is usual the air- 
passsges being all opened. 
Afterwards the draught ia 
regulated according lo the 
judgment of the ^nnder, 
and care is partlpularlj 
taken to close any single 
air-inlet opposite to which 
the iron is seen to accumu- 
late in a semi-liquid state. 
The temporary interrup- 
tion of the ingress of cold 
air at that puticular spot 
soon allows the tempera- 
ture to rise to the proper 
degree for making ttie iron 
run freely, when the ad- 
mission of air can be re- 



Tbe origioal shape of 
the Woodward cupola bat 
, been frequently altered by 

tlio invMlors since it was first iutrodaoed. A leeant and approved arrangement ia a plain closed 
top, havmg a large gas-npe lending off at the aide, which pipe u carried down outside to the 
bottom of tlie eupola, aud has the steam-jet applied to iU bottom aid. This arrangement has the 
advantage of ooolug the gases down when drawn off, aad thus reducing their volume, which 
gives a more favourable actum to the jet. 

Kg. 4278 io of the cupola and feeding arranganent, showing an eleyation at o. irilh ga»-pipe 
and jet arranged for down draught, and leading into a flue under the floor, the feeding hopper 
being doied ; 6 is a fuU section, and shows the horiiontal flue leading direct lo a chimney, the 
hopper apea, and the oharging stage with Udder. 

(PnttgAt Inm dirteOy from m Ort.—Wis sheU not allude to the aiicient methods of conTertlnK 
ore into malleable iron; fliey poMea* only an bistwical interest, and scooonts of them can be found 
to Feroy s great work on the Hetallnrgy of Iron. The present mode of operation ia represented in 
UiB American bloomery jaooeen- Although this was the system by whioh. in ancient tim^ all the 
iron made in England was obtained, it has long since been discarded in favonr of lees direct, but 
more eoonomiottL modes of smelting iron. A modification of the old bloomery proceas, however, still 
^'^ita ground in North America, where, In 1868, in Bsses and Clinton osnntiM alone, some 
40,000 tons of malleable Iron were made direct from tke ore, to be oMUumed at Pittsburgh, In the 
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„ «of oraneDUUoQ itml, for which this iron ia emlnentlj fltted. It is 

thor^bio believed tiiat a description of tlie Amerloan bloomerr process, u now ,- 

worked in the BUles and Canada, compiled from the report of Dr. Bterry Hunt, (~ 

recorded Id the Joomal of the Iron aud Bteal loat. by David Forbes, F.R.S^ may V 

prove aoceptable. r 

The bkomerj hearths, or low fnraaces. Figs. 4279, 4280, In which this prooesa ' 
is carried on, vary In size from 27 by 30 to £8 by 32 in. on the sides, and are 




foan SO to 29 In. high above, and 
from e to 14 in. deep below tlie 
tuyere. The eidea are formed of 
thici cast-iron plates, and the 
bottom of beatao olay or alag; or 
in the mora modern hearths, of 
iron, oaat hollow, lo as to allow of 
their being kept oool by a stream 
of water oironlating thnW h them. 
A !■ the hearth, B the blast- 
le ttotn the bellow* or &n. gene- 
ly below gnrand, and a liot-alr 
^.Mkiatni <ff the form repreaented 
in Big. 42S1. The ^pes are ao 



xt, 
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•mnged tliat eitlier hot or odd bUst can be need. At D is a Mmicircular water-tureie. Tbe 
Wfttei, eStei beiii^ diacbsr^ced here, U oondncted in a pipe under the irou bottom of tbe Are, ktid 
aonfloed in a separate box, from which it is flnaJly removed to a drain, Throngh tlie front plate a 
ft hole F, near the bottom of the &re ; t)ii» servea foF tapping of tbe BDperHuoua cinders. E li a 
obisme; for leading off the vaste beat after having heal^cl the blaat-pipes. 

Id the East Middleburg bloomery hearths the bottom plate ia 4 in. thick, with an internal 
hollow space of 2 in. ; the side plates, which slope slightly inwards and downwards, are 1} in. think, 
»nd rest on tlie bottom plate. A water-box, 12 by B in., ie let into tbe tuyere-plate, a etreain of 
water dronlatiiig through it, and the bottom plate aa wide aa around the tuyere. The length of tha 
hearth ttraa t)ie tuyere-plate to that opposite it is 24} in., and tlie breadth from front to back 2&1il; 
Its oonBeqaent area is 710} eq. in. The tuyere enters 12 in. above the bottom, and is inclined down- 
wards, BO that the blast stribea the middle of the hearth ; the tuyere orifloe being a segment of a 
olrole, llu. high by 1! in. wide. lu front of the fumaoe. 16 iu. from the bottom, is placed a flat iron 
hearth, 18 in. wide : the side plate beneath it is provided with a tap-hole, tlirough whioh the aUg 
is drawn off from ttme to time. Tbe iron plates last two years. 

ThebloomeiybaarthsattheN'ew Russia Works, atMoriah, have beds composed merelj of beaten 
down eattli or aahee. They are 24 in. deep, aud the hearths have a anperScial area of S40 sq. in., 
meuuring 20 by 82 in. at the top, but are somewhat smaller towards the bottom ; the tuyere enter* 
oneof thenaRDwei rides of tbe rectangle. 

The blast employed in the American bloraneriea has a pressure of from I{ to 2 lbs. to the square 
inch, eioept when tlie ore is in tbe state of fine sand, when it is found necessary to reduce the force 
of the blast to-from { to 1} lb. the square inch. Tbe blast is heated by passing through cast-iion 
pipee placed in a ohamber above the hearth. These pipes, which are 5 in. internal diameter and 
1 in. thick, are in the form of inverted siphons, each limb being about 7 ft, long ; tbe temperatnra 
«f the blast being about &om 500° to 600^ Fahr. Besides enabling each hcartli to turn out mora 
taon in the same time, the employment of the hot blast Is reported Id effect a saving of about 20 per 
oent. in fuel, 300 bnsbels of charcoal being required to produce 1 ton of iron of cold blast, where 240 
would suffice when hot air is employed. The quality of the metal is, however, considered to bo 
deteriorated if too hot blast is used ; and at the Hew Russia Works it is stated that the iron turned 
out red-short when too hot a blast was employed, which was never known to be the case with the 
wme ores when using cold blast. 

As in all other systems for the direct production of wrought iron fi'om the ore, it is an essential 
pidnt in the American bloomery process also that the ores should be as rich a( " *" ' ' 



qoarti or other oxtraueous mineral matter, they are, in America, calcined in lump, and after crush- 

ug, to M to pass through a sieve with openings of about } of an incii, are washed until little but 

the natiTe oxide of iron remains behind, unless in the case of the titanic iron ores, when, aa in the 

Uolile Works, the washed sands still retain the whale of the litAoio acid, in Uie form of 

4Mt. ilmeuit. which uaturBlly redocea the percentage of iron contained iu the worked ore. 

earths is cunducled as follows; — Tbe fire being 

\i obarooal, the powdered ore is scattered at short 

ing fuel, and in ila passage downwards becomu 

>ut being melted, but occmnulating at tlie bottom 

lomerate into An irreguUr mass, the earthy matter 

in the ore forming a liquid slag, whioh is drawn 

off from time to time by tbe t^hole. At the 

end of two or three houm, when a onffldently 

large mass or loup, as it Is termed, has formed 

itself, this is lifted by means of a bar from the 

bottom of the hearth, brought before the tuyere 

for a few minntes to give it a greater beat, and 

then carried to tbe bunmer, where it is wrought 

into a bloom, the bloomery fire itself being used 

for reheating, or, more reoently. an arrangement 

bj wliioh tlie waste heat from each pair of 

hearths j/aseea into a sort of furnace. Figs. 1SS2 
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aod the pnduotion of iron is thus kept np with but little iiitemiption. In ibis way a skUled 
workman will, with a large-siEed hearth, turn out a bloom of 800 lbs. eTerr three houx8» and, in 
some instances, even more than 1500 lbs. haye been turned out in the twelve hours. 

Beferring to Figs. 4282 to 4284, Y is the bloomerj fire, from which the flame is conducted over 
the sand-hewrth S, which heats the blooms or bars, and is then conducted to heat the blast in the 
Dipes P. These pipes are straight and walled in the chimney. At O is a set of blast-pipes - these 
fumiBh heated atmospheric air to the waste heat firom the fire, and bum any carbonic oxide which 
may escape from the fires. In order to obtain sufficient heat for the stove S; two fires are sometimes 
arranged, so as to suoply their waste heat to it. 

At the works of Messrs. Rogers,, of Ausable Forks, twenty-one fires were in operation in 1868. 
The ore was the magnetic oxide of iron, mixed with quartz and felspar. After being slight^ 
roasted, to render it triable, it was stamped, so as to pass through screens with openings of about 
4 of an inch, and then concentrated by working. Two tons of tne worked ore, equivalent to form 
4 to 5 tons of the crude ore as it came from the mine, was required to make 1 ton of blooms. 

At the New Russia Works, in Moriah, near Port Henry, a nearly pure magnetic oxide of iron is 
employed, 3 tons of the ore yielding 2 tons of blooms. As perfectly pure magnetite contains only 
72 per cent, metallic iron, the above proportion (66*6 per cent.) shows great economy of working, 
oonsidering the nature of tlie process. The dimensions of the hearths used at these works have 
already been given. The pressure of the blast varies from 1^ to 1( lb. to the square inch, and the 
average produce of iron for each fire was 2400 lbs. blooms in twenty-four hours ; the amount of char- 
ooal consumed varying from 250 to 800 bushels to the ton of blooms turned out, and the weight of 
the charcoal from 16 to 18 lbs. a bushel. 

At East Middlesburg, where the conditions are very similar, the estimated consumption of char- 
coal was 270 bushels to the ton of blooms, and the pressure of the blast was from 1} up to 2 lbs. a 
square inch. 

The cost of producing a ton of blooms direct from the ore depends greatly on the price and rich- 
ness of the ore. In 1867 the 2 tons of dressed ore required to make 1 ton of the fine Ausable iron 
was estimated at 18 dollars, whilst the 1| ton of ore consumed at the New Russia Works would 
probably not cost 9 dollars. An estimate made by a competent ironmaster shows the cost of pro- 
aneing iron in New York in 1868 as follows 

2 tons ore .'. .. .. doUan 10*00 
800 bushels charcoal at 8 cents 24*00 

Wages 9-00 

General expenses 8*50 

Cost of the ton of blooms, dollars 46*50 ; ourreooy s= 87*20 gold. 

The above prices are in American currency, which at that time was equal to about <^, making 
the gold value 87 * 20 dollars. The estimate of another manufacture in Clinton county gave 7 dollari 
for wages, and it will be observed that the Quantity of charcoal taken into the above estimate exceeds 
the average, which may be calcnlated at about 270 bushels. 

This mode of manufacturing wrought iron is a variety of the so-called Catalan method, which 
is conducted with the most ancient form of forges for making iron, and is still practised in some 
parts of Europe. In those instances we find the fire or t earth formed of sandstones, and protected 
by heavy charcoal dust. Cast-iron linings are not often met with. By these means coal may be 
saved ; but it causes a greater loss of ore than blcomery fires, and more labour. 

German Forg€.^Qtey or white pig iron is converted into blooms in bloomeries similar to those 
above describeo. A diiference in the size and form of the hearth and its lining, position of the 
tuyere, and manipnlatft>n, is made in the German forge in cases where grey pig iron, white pig iron, 
or plate metal is worked. 

Fig. 4285 is a vertical section of a German forge-fire. The only difierence between this fire and 
the bloomerv^ire is, that the bottom is not so deep ; it ran^ from 6 to 10 in. below the tuyere, and 
the cast-irotf IfiHigs .a^ more or less inclined, which fitcilitates the operation and saves fuel. The 
tuyere T iy aocormn'g to the kind and quidity of crude iron, more or less inclined, and projects into 
the fire scnne inches. A water-tuyere with solid bottom is most generally used. The nozzle N is 
made of light sheet iron attached to a leather bag, and by that means to the blast-pipe, so as to be 
easily moved and directed to those parts in the fire where it works slow and Where blast is needed. 
Fig. 4286 shows a plan of the fire, two of which are freouently attached to one chimney. Most 
modem fires have each a light chimney constructed of bricks ; it has no other office to perform than 
to conduct the smoke and gases out of ^e building; and as the temperature in it is very low, it 
ought to be spacious, at least 4 sq. ft. in area for each fire. 

The form of the hearth is the only important object in this apparatus ; all the other parts may 
assume any form whatever, without any injury to the success of the operation. The blast should 
be dry, and £rom } to 1 lb. of pressure is necessary ; 150 to 300 cub. ft a minute for each &ie aia 
essential to carry on the operation. 

The form of the fire is an oblong, 24 x 2G in., and from that to 25 x 82 in. in the dear. The 
cast-iron linings are plates of 1| to If in. in thickness, and firmly wedged together so as to resist 
the disturbance which mny be caused by the use of the tools. The iron plute at the tuyere is 
inclined towards the fire from 8° to 10°: the oppostite plate is not quite as much inclined from it. 
Front and back plates are genenilly plumb, or inclined from the fire ; the first is provided with a 
2-in. circular hole near the bottom, for the discharge of slag. The bottom is formed of a cast-iron 
plate 2 in. in thickness, which is kept cool by the water-box W, Fig. 4285. In some instances the 
water is directed under this bottom plate, without the box, which causes the bottom frequently to 
break. The upper edge of the plates for the fire, and consequently the whole heartli, is uom 15 to 
18 in. above ground. The inolmation of the tuyere, the inclination of its plates, and the slope of 



be muiafactDred, qntUty of ooal, and tbe newa ot the woAmen. Here, u well aa In all other caaea, 
the fouudatioD of the heartli miut be drr, no that do moiatnie may approach the fire. 

The opention in these fiiea ia vsiy dmple ; with some eiperienoe, fccxxi iron may be made from 
ftnj kind of crade iron. Wlien the apparatoa ia well dried by a alow Are, the hearth ii filled with 
eharoMi aad a gentle blast i^tplied eo aa to kindle all tbe oool and heat the pUtea, which ate pro- 
tected by (1 heavy layer of oharooal duat. Hard cbarooal, not of too large size, about that of an egg 
or a flat, ia preferable to soft oharooal ; it bews a ttranger blast and works faster. Either pteriona 
to Uniillng fira^ or when in blwt, the bottom U ooTered by throwing on good rich glag from 
preriona rSningi. nameW, that obtained by reheating balla or blooms. A cover of at least 2 in. In 
(hickneaa ahonld be on the bottom, and more than that when grey pig ia melted. Whcu the flie la 
tborot^hlr ignited by applying aboot one-third of the fall bta«t, or ISO onb. ft. blowing with a 
oobIb and tDTOre of 11 in. diameter, the pig iron is charged; ^om 200 to 300 lb*. Dong ohaiged at 
onoe, or added gradually. When plate iron is oharged, &e latter mode is applied ; if gie; pig, the 
Camer, Bat there ia no rule for this ; one refiner adopta one plan for all kinda of erode Iron, ouen 
make a distinction. Ore; iron reqains leas blast and lees heat than white iron, a shallow hearth, 
and more dip of the tnyere ; the bottom is also more inclined towards the femt than when white or 
plate iron is to be reflned. A slope of S° for the bottom may be oonaidered the extreme adapted for 
Tery foaible iron. We most idasei^ omde iron acoordiag to its fasibility, and not ill oolour, for 
Impure white iron may work far slower than pore grey irmi ; and when we here uae the term grey 
Inm, or white iron, we refer to tbe IVuibility of the iron, not to its colour. In deeeribing the 
manipulation, we will treat of the two estiemea. the working of grev iron and of plate iron. The 
bulk of crude iron used, and which forms the Tarietiee, ia worRea between these two modes of 
manipulation. 

Qtey pig iron is melted In at onoe, by ^iplying a very low beat ; the broken pin may theiefure 
be placed Mnve the tnyere ; it ought not to he quite flidd when It •rrives at the bottom. Either 
while the iron li thus melting down, or when It i« all at tbe bottnn, and after it has hem gently 
•tirred bymeanaof a orowbar, tbe floating cinder Iitmied off and thrown away. It ia of no uae, and 
oontainiDwat of theinjnrtoiu imtmritiea. If the iiODlsitill flnid, tome bammer-ecales are thrown 
on it, and a stronger blast directed upon it; it is then atirred, and tlie reenlttngcinderis tapped and 
throvn away. When thna made more coherent, the iron is broken np, lifted from the bottom, and 
heated in poroels befbre the tuyere. The still crnde iron now melts again, and on arriving at the 
bottom b^ins to boil. If it is bow diligently stirred, by means of an iron bar, nnder an increaaa of 
blaot, it gradually gathers Into tumps ; when in this oondition, the cinder is again tapped off from 
the iron and sarod. The masa is now tough, and assumes the natnre of wronght iron. Under an 
increase of blast, this iron ia tnmed about, llioronglily heated on all eidee, and gradnallv eonverted 
into one or more round balls, which aie now brought to the tilt-hammer and shingled down into 
blooms. All this time the fire ia well supplied with coal, and the blast increased to its full feme 
on ttie finished loon. If the iron is very impure and fusible, it will require a great deal of labonr 
and the nee of much coal : still, the yield cannot be expected (o be high, partioolarly when a good 

Jnolity of iron ia to be maile. As mnch as 250 bnsbels of coal may be cooaumed aa weak pig iron ; 
lar houra' work is required on a hcet, and 30 per oent. of iron may be lost. 
Wtiite iron,or-plate iron, is worked on a different plan. Tbe basitiof the hearth iadeeperthan 
for erey iroa, the tuyere doca not^ip so mnch. the bWt is stronger from tbe beginning, and tbe 
work oommenoea as soon as melted iron arrives at the bottom. This kind of iron is never Tery 
foeible, and if it is fluid it does not long remain so after being eipoaed to the effect of the blast 
Tbe purer and stronger the iron ia, tbe more it ia inolined to ooa^ilate. 8e won a* it la partly 



mdted, it u lifted bom the bottom, bnnuht before the tuyere, Ktd by tunung it kbont it ia heated 
dud nflned on «11 diet. Than pMto which do not ledit the etiong flie, melt down agMQ mad Me 



taken np a eeoond time. A nombu of amall balls 

are thna foimed, irhioh, on being expomd to an in- 

orsMinK heat are welded togel 

a laige ball of IDO or more pom 

undw the hftn"*" for ccmpNi 

thia kind of iion loooeedB futei 
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honn 300 Iba. can be heated, an 
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fire will easily prodaoe from 

while &om grey pig iron not 

quantity can fcie obtained. 
We have detailed the metb 

thOT are of great aerrioe where 

and fael are plentiful, but w 

metal ia not rafOcient to JnctiQ 
ing a blut fiunsoe, or when ca 
metboda of making wiooght 1 
are innomeiable, but the Variati 
by the qnali^ of tlie omda me 
Iron to be prodooed. 

StfiniM Catt /ron.— In the 
flnest qiMitlea of wroDRbt 
imn rwbing ia unfTeirallj 
adopted, but with the in- 
ferior Unda it ia not BO much 
emidoyed aa formerly. 

The refinery fomaoe, 
Hgg. 42B7 to 42S9, nioBlly 
oonaiati of a oaat-iron frame- 
work, mrmoimted by a short 
brick chimney. The bottom 
Cntme rests on a brick or ma- 
■mry Iwdding, npon which 
is laid a floor or hearth of 
dressed sandstona 10 or 12 
in. thick. At each lido sud 
at the baok, within the ver- 
tical fiamea, cast-iion water- 
blocks are nied, and a cast- 
iron dam-pUte, Fig. 4289, 
in fMnt, the whole forming 
a qaadiangnlar space abont *»•• 

4 ft. sqnaie inBid& by 
IS or 18 in. deep. 
Above the side bloeln^ 
and restiiig on a ledg« 
«ast fi» tb& reception, 
are fixed toyere-platei, 
2 to S in. tbiok, having 



tnyerw, and bolted fast 
at the ends to the ver- 
tkalftames. Thespaoe 
between the tnyere- 
plates and the top 
frame which earriea the 
chimney is fitted with 
ftoat cast-iron platea, 
btdted at the ends to 
the vertioal haoMa. In 
fhint, neting on the 
dam-plate, it ia nsnal 
to have a dust-plate for 
the conventenoe of fill- 
ing and working the 
fire. At a height of a 
few inobea above thia 
plate In firont, and also 
above the rew water- 
bloak, catt-iion doana, 



Fig. 4290, itbont S} ft. high, u« hong to the nde fnniM. Through theM doors the woiktug 
opetationa are carried on. . , , 

At » niffioiuDt distftnce balow the inaide floor of the Mflnery, and a few meliai In ndTMioe of 



oiBt^rn, tkbont 30 fL loae, i ft. iride, and 2 R. deep, fonuB the rabBtraotore. The oartiog bed is 
oompoaed of thick oaBt-iran blucks, abnut 3} ft. wide, the eame in length, and S or 8 to. thick, 
having flaoges at each side to rest on the edges of the oiitem nndemeath, and eloping flaugee on 
the upper inrfaoe, to resttaia the fluid metal within the de«ir«d limits. When in woikiiig oider 
the outem ia filled with water to witbiu an Inoh or two of the mould-blocks, aod is maintained 
•t this IbtoI by a small stream, the superfluous water escaping by an overflow notch. The joint- 
ing of tbe monld-blooki to ea^ other is done with oaie, that no metal maj penetrate into the 
eiatern below ; a Ibiu sttatnm of flr»«lay between them generallv nitBcea for this purpose. Tbe 
blodu are malDtaiued la close contact b; stout damps taking bold of carreeponding snags cast on 
the sides of the tnoDlds. 

The monld-blacksj Fig. 4291, are alao made with a flange running down the centres dividing 
tbe plate of metal into two widths ; and to lednoe still farther the labour of brmking it np they 
axe sometimes ctmstruoted with longitudinal grooTea for receiving the metal, the dimensioas and 
langth being tmt similar to those of the mooTds prepared in Ihe dustbed of the blast fumaoe for 
forming the origWl idgs. 

The blowing arrangements usually oonsist of two or three small nomle-ptpee. Fig*. 1267| 4269, at 
each side. Each pipe is furnished with a suitable stop-valTe for regulating the mroly of blast 
The connection between the metal noule-pipe and the flxed blast-|dpe containing the ralT«a is 
Krnerallf made by a leather bag fastened at the ends around the pipe by Hiew olunping gT~~'~ 

The leathe- ■^- - "^ '-- " ' '"^ ....._. „ . i_ ... 

having a oi_, ^ , __„. , , 

lateiu and rertical direction given to the blast. 

Beflneriee are also oonstmoted with a single pipe at the back ; the framework, water-blocks, 
mould, and other partsi are then of a lighter degcnpUon, and the Are b altogether of moch smaller 
dimsniions. Other reflneries are constructed with two and sometimee three pipes at the back. 
They are known as single reSneries, while those having two sets of pipes, one on each side, as in 
the Are we have described, are known as double reBnerin, The double flies are generally 
blown with two or tliree pipes on each side, bat four may be seen at some worka. 

Befiuerics are also distinguished tis meltingnlown and running'in flres. The former malt cold 
pigs from the blast furnace, old rastings, and scraps, while the latter work on hot flnid metal run 
direct from the blust furnace. 

The melting-down reflnery is usually in a building by itself at some distance from the blast 
furnace. The ronaing-in Are is erected lounediately contiguous to the blast fnrnaoe, from whiclf 
the crude Iron, on bmng tapped, flows into it 

The operation of refining crride pig iron is oondncted nearly as follows; — The floor of the fli« 
is strewn with some broken sandatooe, and a flro is lit in the centre. A quantity of coke is filled 
In, and a light blast directed upon it. A charge of pigs, scraps, or broken castings is next placed 
on the ignited coke ; a fresh charge of fuel Is heaped on the pigs, and the full power of the blast 
brought into acUoo. The weight of pig iron or other metal charged will vary irith Om •!» ct the 
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Bre,bnt nuy betakeo at 2 tou«,Kiid the coke for the Mine at 5 owt Ad inteiue beat isiooii pro- 
duuedi the broken HUidatonB on the floor molta, ftod gluee the lurfaceof the bearth. In the 
eoiirw of aboat an houi the metal begins to melt, dropping through tlie coke to the hearth ; in 
about two boura ta tvo boars ftnd a btilf the vhole of the iron is melted and lies ander the ooke. 
The blait is still kept up, freah coke is added, and the metal heaves and boils from the eTolntim 
of gases. The process is continued until the whole being lufflcientl; deoarbtuixed, the fluid metal 
is tapped into the oasl-iron monld-hed. To render it more eas; of removal from the moold, amall 
dams of cinder are placed acioas at oonTsnient dirtaoces^ tUnniog the plate mel>l at snob plaoM 



ime occupied in the operation of refining each flrefol vill averape abont three hom. 
ge iTOQ is not bbiTD so long as grey pigs; the latter often reqmre threeand a half to 
8 to be properly refined. Castings take still longer ; the large and irr^alMW-sbaped 



Buiflcieatij to render its separatioii easy. 

The iron and cinder escape tuffether from the reflneir ii . 

■pecfflo gravity the great body of the cinder rises and coUects on tbe snrface of the piste. Thfs 

dialelytl. „ _ , _. , .__ 

tender* tlie metal very brittle, and faoilitatea its subsequent breahago into pleoea fit fi 
paddling prooen. 

The time o 

White foige ir 

four hours to ..._,. . „ . „...__„ . .. 

pieces to be melted frequently require neany twice the usual quantity of blowing to effect their 
reduction. 

With tbe ruQulng-in reflnety the operation is different, since the mclsl is charged, or n 
oorrectlv speaking, mn Into the nre in a fluid state : benoe the time occupied in melting it is saved. 

These fir» " ■ 

orked mt . . , . ... 

A few pound* of the cinder from prerious refinings are added in openting upon ■och troni aa 
are smelted with less than the usual proportttm of cinder in tbe blast fornaoe. By tbe additioo, in 
moderate qnaotities, of a good cinder tbe wisk is hastened and the yield of Irtoi impsvred. In 
Ihia, as indeed in every other operation, the prMenee of cinder in moderate quantities is highly 
beneficial; when it is moduoed in small quantitiee tbe opeiation becomes more difBoult.tha quality 
variable, and the yield seQerally bad, 

Tbe bottom of the nesrtli, fnmi the intense beat of tbe fire and the tbrce of the blast being 
directed on it, is burnt away In a sliort period, and unially requires repair onos a week. Brick 
bottoms are osed at some works ; and tbe practice of repairing; the bearth b; eovoring it with a 
course of bricks weekly is also paotised to some exteui For if — ^'■"- ' - ._ . . . 

bottom of millstone grit is superior to all others. 

For conveying the blast Into the hearth small wrouKht-lron ti . . _ 
having their smaller orifice 1} or 11 in. diameter, and the larger 3| or 4 In, A j-in. or J-In. pipe is 
Bcrew^ into the upper end as an inlet-pipe, and a similar one 
as an outlet for tbe water. The inlet-pipes are connected with 
a unall cistern, placed 3 or 4 ft. above the tuyere; tbe outlet- | 
pipes discharge the water into the side bloou, i^m which it 
enters the rear block, and finally is conveyed by a small pipe to 
the cistern under tbe mould-bed. 

Tbe nozdes oF the blowing pipes, in double refineries, where 
four are employed, are usually If in. diameter, or if of another section, are equal In area to a 
clirulai pipe of this slzo. A pipe flattened nt Uie point, so as to increase the hortiontal torfaoe wT 
aetion, is considered by Eome reSoen as superior to the circular form. The angle wbicb the 
direction of tbe issuing blast makes with tbe bottom is a matter of some impwtanoe. The best 



For durability, bbwcTer, a sandstooa 
I, Pigs. 4293, 42M, ue used. 






rcenlts have been obtained when tbe line of tbe blast makea an ingle of 38°, aad the angle 
enolosed by the two streams of blast 105°. . .„ nu 

Fig. 4295 is a section of a blast-vsJve box, with three sepante valves tbr three tuyeres; fig. 
4206, a pig-mould, jointed with ollpa ; Figs. 4297, 4298^ sesUon* of blut-valve box, ler three 



tnyuM with mmtJa nlve; Viet. 4299 to 1301, pig of lefioed meUl, on cart oommonl; nnd to 
ranoveit; Fig. ^02, pir-monldblooln. with double-rabbeted jointa,' Figa. 4303, 1304, tno-handed 
dedge tat bieakiiiK reSied metal; Figa. 1305, 4306, Kiaper; Fig. 4307, fanner tOi breaking 




TTuory of tKa B^lmng Minuet, — The opention of refining la a oomlniiation of ohamioal and 
meohamical pi^joo— ca, by meona of which the metftllio tlloy ii deprived of a portion of the eztn- 
neona mattMi oontrected in the blaat fnmaoe. The crude iron contaiua various Eobstancca in 
mixtnre; generally the moet important onuiBt of carbon, silicon, and almnioiam, aa will be aeen 
tn> rafeiT^ to the aoalysea. It ia the province of the refiner to extract fo}tn it the larger por- 
^1 of tbese impnritiea preparatory to its coovergion into malleable iron. 

For thia purpoae the cnide iron is fiued in the teflnery fire, along with coke or ohartosil, aa before 
dmuibed, and there kept at a liquid beat far a Hhoit period by means of numeroaa small jeta of air. 
In the blaat fnmace the atmospherio air delivered tbioDgb the blaat-pipe ia required for the ihain- 
tenanoe of oombuation. In the refinery the blast anawerB a donble purpose. It cieatea and maintaina 
an intenaely high tempanttnre, fnaiug ttie crude iron with great rapidity, and promotes tho rapid 
mtidation of the impuntiea. But io thia process a conalderabla quantity of metal la a!ao oiidi^ad, 
and thia, in combination with a portion of earthy matter, forma the refinery einder. Hence, of the 
oxygen of the blait delivered into the refinery, the larger volmne unites with the carbon of the faeL 
Ibrming earbonio acid, and ascends into the atmosphere — a minor volume oombinee with the metal 
ozidif^ forming oxide of iaon (still another portion anitee with the carbon contained in the molten 
onide iron, foiming also carbonic acid, and escaping in a similar manner), while the remainder 



The deoaibnTiiation and conaoquent rafinement of the orsde iron ma; be eSbcted by f^on and 
ozldaticD in reverberatory furnaces without the intervention of a blaat ; bnt, since the blast expedites 
the operation, and reaulla in a superior yield for the same degiee of refinement, it ia generally 
preferred. 

The fracture of the refined plate metal when cold ia white and dense at the bottom, bnt ia of a 
honeycombed or cellular structure at top. The depth of the honejrcomb is affected by the quality 
of the iron and length of blowing. If tho metal la from ordinary forge piga. and the blowing has 
been condncted an average time, the depth will be from 1 to 1) m. ; but if the plate ia from good 
grey piga, it probably will not exceed } m. By the reduced depth of the honeycomb and the bright 
ailvenrlnatre presented by the metal, the general quality of Uia pig iron uaed in its manufacture 
may be prettr aootiratsly determined. 

CAorooa) Fintry, or Laneathira Htarth, — We are indebted for the following accurate account of 
thia important finery to Dr. Percy, who gives it in his work on Iron and Bted ;— 

The furnace, Figi. 4303 to 4310, oonsista essentially of a shallow aoadrangular bearth, formed 
of oaat-fron plates o, i, c, d, and s. The hearth bottom a is boriwJntal; the tuyer ■'" ' "-•-'^'- 



and running ont at/. By Uiii amtDgemsnt the hearth bottcon ia kept oooL The aide walls al 
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the iieMth { io, ud tbe 
uli la indiiMd >i u angle ' 
of ftbont 10° villi the hini* 
Kill. At the ohuoo*! is pilad 
lound and kbate the h^eie, 
the plate g ia espoeed to 
great hMtsiid coiuMaently 
dMtructiiHi ; it la made -nrj 
thick, and may be leadil; 
i^Med when nqniied. In , 
bout of the hearth ia a table 
01 iJatAmi of caat Inm *, 
lerong at the enda on oait- 
iion atandaida. Thia table 
ii eNential for the neoaMary 
manipidaUaaa. Theanange- 
DMQt tor heating and oonfe j- 
Ing the blaat to the torere ti 
npraaantedb7^«',r. The 
beating t^paiataa oondrti 
meralr of a aiphon-pipe of 
oaat iron, aet horlioatally 
and axpoied to the waate 
naea c/tbe fiunaoe. There 
b a tbidttle-nlTO at * for 
itoppiDRaod reeolating the 
blast Xhenonleendaf the 
blatt-pipe ma* be laiied or 
lowerea at will by a taleacope 
UidiDK-pieoe, and may be 
turned in any direotioD by 

below *, Kg. 4S10. ■" 



ing {. At m la a oait-uon 
plate on which jaga <a blooma 
may be laid, au aa to beoome heated. At » 
ia an opening through which an iron bar 
may be intnMoced to more the objeota on 
the plate m, or olean the arched paaaage 
leadmg from thia part to the ataok o, to 
which at tbe bottom i* often attached a 
large chamber deaHned to intenept aparka. 
TlwN la an aah-jdt p, bom which the aihea 
may be renored thriMigfa an opening at ff, 
wluch ia oloaed with a oaat-itim door. 

All being in working order, and the oau 
obtained in tlie preiiooa heat removed, cbar- 
ooal duat !■ apread oat on the fore aide, and 
the hearth ia filled with olean obarooaL The 
pig iron, which ia in platea 2 In. or 3 in, 
thiok, and haa been preriooaly heated oa the 
plate In the floe, ia tranaferred to the hearth, 
the charge being 200 Iba. Fieah oharooal ia 
added and the blaat toned on, when, in 
abont half an honr, the metal will have 
oom^etelT ntelted down, and in drc^ng 
thrmigb the blaat from the tnyere have be- 
come partially oiidlied. By the aotl<ai of 
the oxide of iron Ibna formed, and of the 
baaio ^cate of protoxide of iron rema inin g 
in the hearth at the close of tbe laat opera- _ 
tlon npon the molten pig iron, the latter.ia 
deoarboriied to a oonaidttable estent.'iud. 
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in oonaeqnenoe, beoomee less fusible and more pasty. After perfect fusion of the metal, the reftniiig 
proper begms. This consists in incessantly breaking up the metal with an iron bar. and carrying 
towards the tuyere the raw portions, which, being more highly carburized, and more fusible than 
the rest, always run down to the bottom, and there harden. The metal, which has thus more or 
leas solidified, is broken up and submitteid to the action of the blast until all is suflioiently refined; 
this operation lasts about half an hour. Subsequently all the metal is brought up to the top of the 
hearth, and again melted down with a lively heat to form the ball, fresh charcoal being thrown 
into the hearth, and the unmelted portions being kept up at intervals with an iron bar to prevent 
their adhering to the ball before having been melted. The ball is then taken out and hammered 
into a prismatic shape, which is out into pieces to be welded in another fire. The whole process 
lasts from 1| to 1^ hour. 

The blast is frequently used at a temperature of 100° C, and at a pressure of 2} in. of 
mercury. 

The cut-up pieces to be drawn out under the hammer are welded and heated in hearths much 
resembling in size and construction the charcoal finery itself, or in an Ekman's furnace, now exten- 
sively used for this purpose. 

'Walloon process, employed at Dannemora, Sweden. The Dannemora irons have generally a fine 
grain, unequal in size, and composed apparently of hard and soft particles; but in ductility and 
tenacity the strength of this iron is very remarkable, it has the peculiarity that when heated it 
becomes very soft and full of fibre ; and when cemented and cast into steel, the inequalities of 
fracture entirely disappear. 

The hearth in the Walloon process is composed of oast-iron plates. The bottom plate is 2 in. 
thidk, and underneath is a strong bed of pounded slag about 3 in. in depth, which rests upon a 
oast-iion box provided with suitable channels to drain off water. The tuyere side plate inclines 
somewhat into the hearth, and the opposite side plate, on the contrary, considerably more outwards. 
From the centre of the tuyere to the back plate the distance is from 10 in. to 11| in., and to the 
commencement of the work-plate it is from 22 in. to 24 in. The front of the hearth is enclosed by 
a brick wall, within which is the fore plate inclining outwards, and on the top of which the work- 
plate lies horizontally. This wall is a little higher than the back wall, and does not contain any 
tapping hole, as the slags are never let out. From the tuyere side plate, on a level with the 
tuyere, the distance to the opposite side plate is from 22 in. to 24 in. The axes of the tuyere 
and blast-pipe are at right angles to the tuyere side plate ; and as this inclines forward a few 
degrees into the hearth, they have the same inclination. The nozzle of the tuyere is semicircular* 
with the flat side at the bottom ; it is from 20 to 25 lines broad, from 16 to 17 lines high, and pro- 
jects 3| in. from the tuyere side plate. The nozzle of the blast-pipe is likewise semidroular, and is 
somewhat larger than that of the tuyere, so that it lies back within the latter 4 in. The depth of 
the hearth under the tuyere is from 7 in. to 8 in., under the upper edge of the back plate from 

14 in. to 15 in., and under that of the work and adjoining side plate, opposite the tuyere, fh>m 

15 in. to 18 in. The fuel is fine charcoal, and this hearth works extraordinarily hot as compared 
with all others. Gold blast is used. 

The iron employed is white or strong mottled, and is in long pi;;s about 9 in. broad, from 15ft. 
to 18 ft. in length, and from 3 in. to 4 in. thick at one end, and from 1 in. to 2 in. at the other. 
The pig is placed at right angles over the back plate, with one end inclining downwards over the 
tuyere ; and as this end melte, the pig is gradually pushed forward, so as to keep the end in the 
same position. Usually two such pigs are put one oyer the other. 

The fore part of the hearth being filled with moistened small charcoal, and the remainder with 
charcoal, the fire lighted, and the blast let on, the pigs are pushed forwards ; and in order to pro- 
duce a sufficient bath of slag, some large finery-ecraps, or several shovelfuls of hammer-slag, are 
melted down. 

A peculiarity of the Walloon process is that at the beginning of the heat the bloom obteined 
from the last lump is held with tongs, as steeply inclined as practicable, in part of the hearth, and 
reheated preparatory to further manipulation. 

The working with the iron bar or steff commences immediately after fusion of the first portions 
of the pig iron, and is regularly continued until the whole of the metal m^ted down on the tuyere 
aide has been once brought up from the bottom and that side towards the middle of the hearth, 
and so exposed to the action of the blast. It is also worked once to the left and once to the right 
of the bloom undergoing reheating. The melting of the pig iron takes place pretty quickly, about 
70 lbs. being melted in twenty minutes. Owing to the facility with which this kind of pig iron 
oomes to nature, or arrives at the stote of malleable iron, and the continual working with fresh 
stafEk, the metal which has been fused is by that time so far refined that thin pieces of malleable 
iron will be seen adherent to the stefi*. The whole of tbe molten metal is now completely broken 
up above the tuyere, melted down, and formed into a lump ; and during this part of the process the 
supply of fresh molten pig iron from above should obviously be stopped. The lump is about 12 in. 
broad and 15 in. long. The average period between the completion of one lump and another is 
twenty-eight minutes, the extremes being twenty-five and thirty minutes. Each lump is heated 
from six to eight times in the course of being drawn out into a bar 12 fL long, and the weight of 
the bar from each lump is about 60 lbs. The shift lasts eight hours. Two fibEiers and one assistant 
are re(^uired for each hearth. ' 

It IS evident that in this process the pig iron is exposed to conditions &vourable to rapid decar- 
burization by oxidation, namely, the small quantity of iron operated upon at a time, the compa- 
ratively large size of the hearth, the high temperature, the large amount of blast, the gradual 
melting of the pig iron drop by drop before the blast, and the almost incessai t working of the metal. 

Jriinche-Comt^ Proce88,'-r-Fniicihe'Comi6 is the name of an old province in the east of France, 
and the process has acquired ito designation from having been long practised, if not originated, in 
that looality, whence it was imported into Germany and Sweden. 
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The hearth is ootuposed of five cast-iron plates. All these plates are rectangular, except that 
of the tuyere side, which is occasionally not so high on the side of the hack plate as on the side of 
the fore plate, in order that when there are two tuyeres the hind one may he set a little below the 
front ene. The fore plate is from 0<" * 02 to 0" * 03 (0 • 79 in. to 1 • 1 8 in.) thick, and the others from 
0"" 06 to On* 07 (2*36 in. to 2*76 in.) thick. They last during several months, except the bottom 
plate, which must be renewed every week, and sometimes more frequently ; but the hearth is so 
constructed that this renewal may be effected by simply taking down the fore plate. 

The hearth should rest on a brick or stone foundation, covered with a layer of clayey soil well 
beaten down ; and if there is danger of moisture, this may be completely avoided by setting it in a 
cast-iron box. In order to prevent the bottom plate from becoming too hot, in which case the 
fining process would be retaraed, it is placed on a small iron frame, 0"'5 ri ft. 7*69 in.) long, by 
Om-2 (7* 87 in.) broad, and 0n*27 (1*07 in.) thick, so that by means of an old tuyere a little water 
may be made to flow into the space between this plate and the ground ; but this should not be 
done until just after the lump hiM been taken out, for otherwise the great heat of the hearth might 
eraok the plate. 

The baick plate is set between the tuVere side plate and the opposite one, and the^fore plate also 
rests against these two plates, but standing upon the bottom plate. The back and fore plates are 
always fixed vertically. The tuyere side plate is sometimes vertical, and at others slightly inclined 
towards the interior, especially when it is intended to treat dark grey pig iron, which only melta 
at a high tempeniture, this inclination bringing tbe blast closer to and concentrating tiie heat upon 
the pig, which is pushed forward as in the WaUoon process. The side opposite the toyere is formed 
either of a single piece, always a little concave, or of two pieces of cast iron, one supported upon 
the other, the upper one resting upon a brick wall, and the lower one forming with it a very obtuse 
angle. Almost always this side leans a little inwards, in order to prevent loss of heat ; sometimes 
it u quite vertical ; and rarely it leans a little outwards, so as to facilitate the withdrawfd of the 
lump when of very large size. The bottom plate is inclined both towsrds the side opposite the 
tuyere and the fore plate — an arrangement wnich is essential in order that the cinder may flow 
ea^ly through the tap-hole situated on the tuyere side. This double inclination is given by means 
of small pieces of iron placed at the angles of the plate, or under the small frame on which it rests. 
The various plates are fixed most solidly together with wedges of iron. The hearths are preferably 
blown with two tuyeres. The tuyeres are of copper, and should last nine or ten months. With hot 
blast, oast-iron water-tuyeres are emploved, but when the temperature of the blast does not exceed 
200-^ C, copper may stUl be used, although they require more fluent renewal than with cold 
blast. The muzzle or eye of the tuyere is semiciroultf, 0»*027 (1*07 in.) by 8" -024 (0*95 in.X 
when the hearth is blown with two tuyeres. The eye has been made f«ry flat, 0"-040 (1*58 in.) 
long by O^'OIO (0*89 in.) hiffh, in order to compel the blast to spread in a sheet, and this has been 
attended with aiivantage. when there are two tuyeres they touch each other outside the hearth, 
but in tibe interior they are a little sepantted. 

Most of the hearths are covered, either with an arohed roof to prevent loss of heat, or by a flue 
oonducting the waste flame into a furnace or an oven, where it is utilized. 

Certain changes are made in these hearths according to the ouulity of the pi^ iron to be treated ; 
they consist chiefly in increasing or diminishing the depth of tne flre, the inclination of the blast, 
and the projection of the tuyeres into the intenor. 

La^^e-grained grey pig iron, with graphitic scales, is usually treated by this method, and only 
occasionally mottlra and white pig iron. All the pig iron consumed is made from piaolitic iron 
ores, occurring either in the upper tertiary beds, or in deposits derived from those beds, and yielding 
from 83 per cent to 86 per cent, of pig iron. 

ifani/mAi^ibn.— The pig iron is supplieil to the hearth exactly as in the Walloon, and gradually 
melted, the molten metal trickling down in drops through the strongly oxidizing blast. After the 
removal of the lump or ball in the last heat, the rich cinder which may have accumulated at the 
bottom is raised up; the bottom is well fettled with small charcoal, and the pig is then pushed 
forward over a roller, with its end inclining somewhat downwards. The pig ought to be so placed 
that the distance between it and the side facing the tuyere is only <)"-08(l*18 in.) or 0'**04 
(1*58 in.), in order to promote as much as possible the action of the blast upon the pig iron, 
allowing it, however, to ascend to the top of the flre. The bottom of the pig also should be 0"** 1 
(8*39 in.), 0<"* 12 (4*73 in.) above the stratum formed by the blast, and its extremity should not be 
more than 0">*06 (2*86 in.) beyond the axis of the tuyere in front. In this position the pig melts 
drop bv drnp, and this is essential to success. 

Before filling up the hearth with charcoal, pieces of rich cinder, intermixed with hammer-slag, 
are placed upon the pig on the side farthest from the tuyere. These slags, which quickly melt, are 
intended to form a bed upon which the metal dropping from the pig, during the whole period of 
fusion, should rest, as well as the bath of poor slag, which ought to cover the product of that ftision, 
and preserve it from the action of the blast. Moreover, when the hearth has been filled with char- 
coal, a shovelful or two of hammer-slag is thrown on the top. A finery of this description, when 
in good working order, consumes all the rich slag which it produces ; only the poor, containing 
about 60 per cent, of protoxide, or 46 per cent, of metallic iron, being thrown away. 

The ball is shingled or forged under the hammer into a bloom which is cut into two equal and 
similar pieces. Dimng numerous heatings and roheatings under the tuveres, occupying about 
1} hour, these pieces are separately forged each into a bar with two heads, and the forging 
completed by melting the four heads into one mass. 

Boiling and Puddling Pig Iron.—ln converting the crude iron of the blast furnace into malleable 
iron upon an extensive scule, two modes of procedure are open to the manufacturer, either to refine 
tiie crude iron in the finery fire, and then pass it through the puddling process ; or, to put the 
crude iron through a modification of the puddling process termed boiling. Each metliod possesses 
oertain advantages, bat where quality is the sole consideration, the process of refining and puddling 
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nnd fnctioD of the iron working bars of tne paddler ; to prevent this as mnoh as possible a loose 
plate, Fi|[. 4311, abont 1) in. thick, is bolted on to it, which can easily be renewed when neoessarj. 
The cast-ir jn door is lined inside with fire-brick, and is made to slide np and down between strong 
oast-iron flanges by means of a rod connected to a counterbalanced leyer. For the convenience' of 
working, and for the protection of the puddler from the iotense heat, a small slit, abont 8| in. wide 
by 5 in. high, is left in the under side of the door ; through this the working operations are princi- 
pally carried on. To nrevent the sides and upper edge of this slit from being enlarged by constant 
weiur. the metal arouna it is hardened by being cast in metal chills. 

This, the working door, is situated rather nearer the fire-bridge than the flue. In the wall left 
on the side of it next the flue a second doorway of smaller dimensions than the worldng door is 
used for charging the metal, where this is done before the previous heat has been withdrawn. 
This charging door is usually about 10 in. by 18 in., and 12 or 13 in. above the bottom plate, having 
a lever and oalance-weight for lifting it similar to the working door. Both are often used in 
boiling furnaces, but generally a single door suffices. In puddhng furnaces, however, they are 
generaJly adopted. 

A doorway, about 10 in. by 10 in., is also left opposite the fire-place ; it has a oast-iron mouth- 
piece, but no door, the mode of firing rendering Uiis unnecessary. At the stack end a small 
aperture, about 4 in. by 6 in., is provided for the escape of any cinder that may pass over the 
brid^ into the flue. A small fire is kept burning over this aperture, in a grate secured to tide 
outside frame of the stack, to keep it open for the passage of the dnder, and to maintain the latter 
sufficiently fiuid. 

The chimney-stack is built of fire-brick. For the generality of force ooals it is 80 fL high above 
the cast-iron framework, or altogether 86 ft. The interior flue is made about 24 in. square, but at 
its junction with the roof of the furnace it is contracted to about one-third of this area. This con- 
traction is reflated partly by the skill of the workman, but principally by the qualities of the 
coal. The size of the flue in this place is occasionally as small as 17 in. by 9 in., with a coal 
approaching nearly to the character of anthracite. With a more inflammable coal it has been 
18 in. by 18 in. The chimney walls are usually built 1} brick thick for 14 ft., 1 brick for 10 it, 
and half a brick the remaining 6 ft. The intense heat in tiie chimney destroys the lower oourses 
in a oomparativelv short perioa. To facilitate the repairs of this part a lining half a brick thick 
is carried up, without binding with the other work, for about 20 ft. When necessary this is drawn 
down and rebuilt without interfering with the stability of the stack. 

The top of the chimney is surmounted with a light cast-iron firamework fltted with a damper 
for regulating the draught. This damper is opened and shut by a lever, from which an iron rod 
or chain descends to the workmen below. A aifferent mode of regulating the draught is some- 
times adopted, but of this plan we shall have to speak hereaft^. 

The effects of the expansion and contraction of the brickwork by the alternate heating and 
oooUng are provided agamst by numerous iron binders built in, the projecting ends of which are 
punched or cast to receive vertical wrought-iron rods, which are keyed up tight against the briok- 
work by iron wedges at their backs. Unless the li^ht chimnev-stacks were well bound together 
they would not long remain upright under the straimng to which they are subjected. Impenectly 
bound stacks may be seen in every work inclining at angles more or less dangerous to their 
stability. 

The immense strain exerted by the expansion of the brickwork of the roof has also to be met 
by a number of strong wrought-iron bolts at the top and botiim of the side plates. For ordioary 
furnaces these should not he more than 2 ft. 6 in. apart when the bolts are U in. square. The 
plates may also be stren^ened by vertical ribs on the outside face ; if this be done the risk of 
their. bresJdnff in the middle—* very frequent occurrence — ^will be nearly removed. In some 
works the binding is composed of wrought-iron looped straps at top and bottom with vertical oon- 
neoting bolts, also of wrought iron ; by this arrangement the direct strain on the side plates is 
greatly reduced ukd their durability consequently increased. 

The plate in which the doorway for feeding the flre is situated, commonly called the stock-hole 
plate, is the least durable of the whola The stock-hole is usually a square with sharp angles; 
after a few weeks, sometimes only a few days, the plate breaks across one or more of these angles. 
This 1b doubtless caused by the unequal expansion and oontraetion of the surface, but a remedy 
has not yet been discovered. The angles have been rounded off without effect In other cases 
wrought-iron looped damps have been cast in the metal across, and at right angles to the general 
direction of the fracture, but without adding greatly to the durability. 
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will be at a white heat, the cinder melts, and flowing over the bottom protects it from "*« ™«d 
iron and intense reverberatory action of the roof, and fllls any orevices in the edges <rf the brtok- 
work. The draught is now slacked a littie, about 30 or 40 lbs. of cinder are charged at the flue 
end, and the quantity of pigs to be operated on, technically called a heat, generally 4iOT4J cwt., 
is charged m pieces of convenient size— 80 to 40 lbs. is best, and the more uniform the better. The 
charge is distributed upon the bottom of the fomace, the door dosed, and the sdmiasxon of cold air 
is prevented by throwing a Uttle small coal or oindeis around its edges, and fillmg up the notch 
with a lump of coal, covering it with a small iron plate. The damper is opened to its fuU ext«it^ 
i^h fuel is added in the grate, and the flro is strongly urged. From the peculiar form of vienot 
the heated products of combustion aro deflected on the pigs, and the extremity of the roof being 
placed low they are compelled to pass in dose contact with the entiro charge. 

In about a quarter of an hour after charging, the puddler throws in about 60 or 80 lbs. of ue 
oinder expelled by the rolls from miU bars; whero these cannot be obtained recourse is had to the 
cinder from laUs, rollhig puddled iron bars. The oindeis which ara drawn from under rolls 
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working on boiled iron are of Inferior quality, and are neyer need in the boiling famaoe if others 
can be procured. Tbey contain a larger percentage of Bilica, and are less fluid ; the time occupied 
in the boiling process consequently is lengthened whenever they are used, and it is believed with 
aome reason that the Quality of the resulting iron is inferior. 

When the pieces or pig approach a red heat the puddler directs his attenticn to their position ; 
those in the coolest parts of the furnace are shifted forward to the hottest, and those in the hottest 
to the coolest; the object being to bring the different pieces simultaneously to the melting-point 
Unless this is accomplished tiie waste of iron and loss or time will be considerable. 

The working door is now made fast by tightly wedging it into the frame. In from twenty-two 
to twenty-five minutes after charging, dependent in great measure on the quality of the coal, the 
edges of the pigs begin to melt ; in another five minutes they are softened and apparently adhere 
to each other and the bottom. The puddler now raises them and turns them over to expose them 
equally to the heat and prevent their adhering together, which would ob^uct their meltme. At 
tUis stege it is common to charge two or three lum^ of coal next to the flue-bridge, andabout 
15 IbA of cinder for the protection of the brickwork m this quarter. Thus far the fiie has been 
urged to its utmost power, the second-hand adding fresh fuel every few minutes and maintaining 
a dean gxate and free draught. 

In thirtv minutes from the time of charging the iron is all melted, and the most laborious 
operation of the puddler commences. He puts in the rabble, and rakes up the fluid iron fore and 
afl. and raises the lower portions to the surface. At this point the energies of the puddler and 
hid becond hand are taxed to their utmost, both labouring at the raking up and stirring of the 
< metal. 
. The fluid iron boils violently, and rises spontaneously nearly to a level with the lower edge of 
the door ; its surfiice is dotted with innumerable eruptions, caused by the escape of gaseous matter. 
In five or six minutes after the boil begins the damper is partially lowered, checking the draught 
and reducing the heat within the furnace. The effect of this reduction of heat is immediately 
seen ; the iron becomes evidently thicker and more pasty ; now, too, it adheres to the tools, and 
has to be removed bv a hammer. The raking up of the metal from the bottom is continued un- 
ceasingly ; the small door is opened, and the parts next the flue turned over along with the 
reel 

This working of the boiling metal continues for about eighteen minutes, at the end of which 
time the fluid iron has the appearance of a quantity of dirty snow. The coutinual raking motion 
has resulted in the evolution of the carbon and the separation of thq iron from the cylinder, which 
now flows over the bottom apparently as fluid as water. 

The period for balling up now arrives; a few pounds of wet scales from the cooling bosh are 
thrown m. Their introduction causes an immediate reduction df temperature, which is increased 
by^ the puddler towards the end of the period of pasty condition desired. After eight or nine 
minutes raking of the iron, now in the condition of pasty lumps, but which require to be constantiy 
stirred to keep them from runnine back to the form of Iwiling iron, the puddler commences to form 
the puddle-balls. The number or these depends on the iron chareed and the abilitv of the work- 
man. Five or six is usual, but seven or eight may be seen brougnt out The puddler commences 
bv raking toother such a quantity of the pasty iron as he conceives will suffice for a ball, and 
placing it a kttle aside in the furnace. He tnen proceeds with the remainder in a similar manner, 
keeping the iron together, and shaping his balls by the help of the leverage which he has with the 
iron ban, the slot m the door acting as a fulcrum. When the balls have been roughed out the 
damper is nearly dosed. This is done so that in the finishing of the balls the heat may not be 
such as to soften them and cause an unnecessary waste of iron. 

The puddle is now ready to come ou/, the wedges around the door are driven back, and the balls 
drawn. This occupies about four minutes. From charging the first piece of pig to the extraction 
of the last ball the time occupied will average, with good workmen and a fair coal, one hour and 
twenty minutes ; but with inferior workmen and a less infiammable coal, one hour and fifty minutes 
is about the average. If it is performed in eighty minutes, as we have described, a puddler and 
his second hand will easily boil eight heats in the twelve hours, producing, wiUi charges of 4) cwt 
each, 82 owt of boiled iron bars daily, or 9 tons 8 cwt weekly, making, for the entire weekly 
produce of the fruuace, working night and day, 18 tons 16 ewt 

On the withdrawal of the balls a quantity of cinder will remain on the bottom. A portion of 
this is tapped below the working door before charging a fresh heat. This cinder is produced by 
the oxidation of the iron and metalloids in alloy ; it contains a large portion of silica, and, if not 
frequently renewed, will ultimately contain so large a quantitv as to render it unfit for the pro- 
tection of the iron. By tapping and replacine it by other cinder from the mill rolls, the puddler 
prevents the increase of silica, and enspres a fluid cinder rich in iron. 

Boiling crude iron direct nrom the blast Aimace is practised to a limited extent. By operating 
on fluid iron, the coal consumed in melting the cold pigs, amounting to one-third of the entire con- 
sumption, is saved, and the certainty obtained that all the iron is perfectly melted before the 
boiling commences, thereby ensuring the greatest uniformity in cjuality. Yet notwithstanding the 
acknowledged supcoriority of the boiling process in direct connection with the blast furnace and the 
period which has elapsed since the system was first adopted, the number of furnaces working on 
this plan is not laige. The necessity of reconstructing the forge and bringing it inconveniently 
close to the blast furnace, ia a great objection to its extensive use in existing works, while in the 
erection of new ones the contracted space permitted for carr3ring on the operations of the blast 
furnace is a disadvantage. The huddling together of the boihng furnaces, so that they may be as 
near as possible to the ndl, operates against the success of this mode of working in close weather. 
A puddling forge cannot be too open in summer time. Suspension of operations Uirongh the 
exhauiition of the men,, produced by the heat evolved by the blast and adjacent boiling furnace, is 
a oonunon occnrrenoe in these fbrges, and exists to a greater or less extent in some others. 
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The prooees differs firom boiling in the absence of the swelling and violent agitation of the flmd 
iron. The general charge is 4f cwt. of broken refined metal to a heat. In boiling it is nsnal to 
withdnw the finished balls before charging a fresh heat, but in puddling the refined metal is 
charged through the small door next the fine, at the point when the metal has arrived at the 
pasty condition. The reduction of temperature consequent on the introduetion of a body of cold 
metal has then no sensible effect in retarding the progress of the operation. The metal is conse- 
Guently exposed to the furnace flame for a period of fifteen to eighteen minutes before the wiUi- 
drawal of the he it under operation, and when drawn it is forwarded into the body of the furnace, 
which has been already elevated to a dull red heat The damper being opened, a sharp heat is 
obtained, and in from ten to twelve minutes the metal is melted, and the operation of puddling 
commences. The some incessant raking motion by the puddler, relieved occasionally by his second 
hand, is practised as in boiling, and is followed by the separation in a great measure of the iron 
from the cinder. Finally, it iti brought to the same pasty condition, and balled up. 

From the time of charging to the extraction of 'the last ball, the puddling process occupies about 
one hour and twenty-five minutes: but as the iron is charged fifteen minutes before the extraction 
of the previous charge, the time actually occupied in working each heat is one hour and ten 
minutes. With inferior workmen it averages one hour and thirty-six minutes. 

The presence of sulphur, and of several metals, including copper, lead, and zinc, retards the 
puddling process. If any of these are present in considerable quantity, the iron cannot be brought 
to a pastv condition for balling up, all the efforts of the puddler are thrown away, and the heat 
eventually has to be raked out. Crude iron rarely contains either of these metals in injurious 

?[uantities ; but when they obtain admission the pastv character of the mass is destroyed, and the 
urther conversion of cast into muUeable iron is totally prevented. 

The yield and general quality of several kinds of iron are frequently improved by the addition, 
during the process of conversion, of a mixture composed of ground magnetic oxide or a rich hema- 
tite, caustic lime, and a minimum dose of black oxide of manganese ; the quantity added may 
amount to 5 or 6 per cent, by weight of the charge. The operation is facilitated and the mallea- 
blization greatly increased by their emplo3rment, which we attribute to the oxygen of the ore and 
the caustic lime uniting with the carbon and sulphur of the metal. 

The time and 'labour expended in working the superior qualities of iron are greater than that 
required with the inferior kinds. The grey varieties will require twenty to twenty-five minutes 
longer in ** coming to nature," as the working puddler terms it, the point from which the balling-up 
process may be said to commence. The cause of this longer time appears to be that the larger 
quantity of carbon in the metal requires for its evolution longer exposure to the oxygen of the 
passing current of air, and repeated manipulation to facilitate its escape. 

In the working of iron from carbonaceous ironstone the labour is verv severe. This metal 
melting at a low temperature, and containing the largest percentage of carbon, is brought to the 
malleable state with the greatest difficulty. Its extreme fluidity, the absence of a good cinder for 
its protection, and the frequent presence of sulphur, lengthen the process, add to the waste, and 
reduce the quality. 

Puddling hot iron direct from the refinery has also been practised, but it is doubtful if the ad- 
vantages from this mode of working can ever be such as to cause its extensive adoption. The crude 
iron, after being refined, is run into a puddling furnace and worked in the usual manner. The 
invention is a very old one, having been first tried nearly half a century ago. A due separation of 
the metal from the cinder of the finery appears to be the principal difiicultv in this mode of 
working. In the ordinary finery the metal and cinder escape together from the hearth, but by this 
plan the metal only is allowed to enter the puddling furnace, the cinder being obtained in a sepa- 
rate running. Close attention is required to be paid to the separation ; if cinder enters the furnace 
along with the metal, the conversion into malleable iron is rendered more difficult, while the 
escape of metal along with the cinder results in a direct loss. 

Fuddling with steam has been several times experimentally essayed, but after an extensive 
trial it was discovered that the advantages were not commensurate with the expense of applying 
and maintaining the apparatus. 

In the early puddling furnaces the bodjr between the ash-pit and the stack was filled up nearly 
to the level of the intended bottom with cinder or other material ; above this a sand bottom was 
made on which the puddling was conducted. The sand bottom, however, gave way to the iron 
bottom, now universally adopted in preference to any other. For boldness and originality the idea 
of using a thin plate of cast iron as a bottom for a furnace constructed expressly for melting crude 
iron has not been equalled, but without it the puddling process could not have attained its present 
high state ofperfection. Next to the invention of puddling, the iron bottom was the greatest im- 
provement efiected in the operation of converting cast into malleable iron bars. 

While sand bottoms were used the yield was extravagantly high, the consumption of coal in 
the furnace was great, and the resulting bar iron, through mingling with a portion of the silicious 
bottom, was inferior in quality. This inferiority would have been more appartait but for the em- 
ployment of the ponderous forge hammers of that period. A portion of the cindtr was expelled 
during the violent hammering to which the blooms were subjected ; but as a quimtity of the metal 
was also detached the improvement was not effected without great waste of iron. Formerly the 
ton of puddled bars was made ^ith a consumption of 30 cwt and sometimes as much as 36 cwt. 
of refined metal. At present it is done with about 21 cwt 

The portions of the furnace exposed to the intense heat, and the action of the fluid metal, un- 
protected by cinder, are rapidly burnt away. For repairing, flre-clav is largely used in several 
works, while in others calcined forge cinders are successfully employed. Cinder, when the calcina- 
tion has been carried so far as to convert it into a refractory silicate of iron, is undoubtedly the best 
material. It does not appear, however, from experiments, that all forge cinders are equally appli- 
cable to this purpose. Such as contain a large quantity of metal, and a sparing quantity of smoay 
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cannot bo used with the ume miceesB as iMuer aiodera. LimeBtone is frequeDtly used in boiling 
tanuuyea by the puddler in prefareoca to an; other material. 

The consumption of iron to produce one ton of puddle-bara by the boiling process Turies vith 
the quftlity of the pigs, 






with 



the qiiHlUy of the coal. 
The yield of gocd forge 

tigs smelted from a high 
nrden we find to average 
21 owt. 3 qrs. witli a forge 
of puddlers of average 
ability; with leas able 
men in other forges, work' 
ing under precisely simi- 
lar oonditiona, the yield 
has been 22 cwL 3 qrs. 
lilba. If the conditions 
are very favourable and 
the puddler skilful, the 
ton of puddle-b&ra can 
be produced from 2lowt. 
1 qr. of pigs. 

The yield of the iron from 
Cftrbouaceous ore ia probably 
worse (ban that from any other 
desoription. From the work- 
ing of the large forsas at the 
Monkhmd and Dand^n 
works, it has been found 
that the oonsumption of pi|i 
in these establishments in 
the boilJDg prooesB averages 
23 cwt. 3 qn. 19 Ibi a ton of 
poddle-bars. 

The ton of puddl i-bors may 
be produced by the paddling 
process with a consumption of 




riliave 



wiw superior 

workmen will average H cwt a ton of boiled iron bars. With a less inflammable ooal it will rise 

to 13 owt., aod with the coals mined on the edge of the anthracite basia 22 cwt. is near the average. 

The weekly oonsnmption of cole nt the furnace is neatly the same, whatever varieties of iron may 

be under operation, so *bat with the kinds most diffiowlt of conveniou the yield a ton ia increased 

the same ratio as the make is reduced. Inferior pnddlers will bum 4 to 5 owt a ton more than 

le men. The double boiling fomaoe effects a consideraible saving of fuel if suooesrfully managed. 

le yield of ooal is nearly cne-fonrth less than with single furnace*. 



The conanmptioD of fuel in puddling teflncd metal is ■nwller tban with ptga. With omI oT 
good quality and suitable Tor the purpose the ton of puddle-bara ia piodaced with a ooiuniDptkin of 
10 owt only ; pnxH^eding, however, lo the aemi-anthiacite ooal didtriot, the oonramptioD riM« to 17 

nndiaowt. aton. 

A more perfect combmtion of the coftl, resulting in a sllgbt reduction in the quantity naod, haa 
been produced by inltoduomg into the flre-place above the fael etmoBpherio air for burning the 
gueoiu produola. This invention requires closed ash-pits for its suocemiful application ; the air 
supplied to the cool above and below toe bus is he&ted in Bues undemceith and at the sides of the 
furnace. The mixing of the eases and air is effoetod by a perforated divisional bridge through 
which tlie lieet pessca to the body of the furnace. Irons melting at a low lemperatuni have been 
worked with a conaid^iable eaving of fuel, but with the hanler kinds the obstructions caused to the 
draught by tbe bridge renders the furnace less mauagaible, and the toss in the yield of iion is of 
for greater value than any saving of cooL 

Figs. 4330 to 4332 eie longitudinai seotioos of puddling fumaoes with iron boshes, Fig. 4333 
being an atnngement with bailer in fine; Figs. 4333, 4334, aeotions anii plan d & f^maoe in the 
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1. seotion, niid side cleTalion of a cnmnion donblo 
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pnddling balls to squeezer or shingling hammer; Figs. 4342 to 4346, pnddlers* tools; and Fign. 
4347, 4348, section and plwi of part of puddling forge — Dowlais Iron-works — ^showing anangement 
of furnaces, coal aud iron tnimways, races, and so on. 

The horizontal area of the chimney-flue at the junction of the stack with the puddling furnace 
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is mainly dependent on the 
character of the coal. With 
the highly bituminous va- 
rieties, which swell consi- 
derably during their com- 
bustion, and by lying close 
in the grate cause an ob- 
struction to the draught, 
the flue in this place — or, 
as it is termed by builders, 
the take-up— is made about 
18 in. square: the grate 
measuring 2 ft. 8 in. by 
3 ft. 9 in. Tiiis is at the 
rate of 32 in. of flue to 
each superficial foot of 
grate. At the Hirwain Works, 
where the coal is of a semi-an- 
thracite nature, producing little 
flame, and increasing very 
slightly in bulk during com- 
bustion, the take-up is 17 in. by 
10 in. for grates 2 ft. 4 in. by 
3 ft. 5 in. ; equal to 21 in. to 
each foot of grate. 

The area of the take-up is re- 
gulated ako by the skill of the 
puddler. A good workman will 
prefer it contracted, but an in- 
ferior hand desires an increased 
area. To a workman less skilful 
in the manipulation of the iron, 
the enlarged area affords greater 
control over the draught, but at 
the ezpensa of the iron under 
operation, a portion of which ia 
thus oxidizea and lost. The 
maintaining of the take-up un- 
altered is considered of the first 
importance with puddlers, and 
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where it is constructed with fire-brick its enlargement after a week's work requires that it should 
be taken down and renewed. Sandstone, from its greater durability, has been adopted at some 
works. If the take-up be not reoonstmoted of the original size, the vield of metal iKscomes worse 
as the area is enlarged. Hence, with a forge of good workmen, we find that as the time approaches 
for repairing the vield of iron a ton is augment^. 

The area of the grate is dependent, in a great measure, on the quality of the coals. At the 
Hirwain forges an area of 8 ft. is adopted as sufficient with their coal ; but at tlie other forge be- 
longing to the same works, and working iron from the same blast furnaces, we find the grates 
averaging 10 ft. in area. From the very different qufdities of the coals, however, the lesser area of 
grate at Hirwain bums a greater quantity than the large grates at the Forest Works, although the 
area of the take-up in tiie latter furnace is nearly twice that in the former. 

The make of a boiling or a puddling furnace is dependent on the skill of the puddler, the 
quality of iron operated on, and the general character of the coal. Where these are favourable 
tne weekly make will not fall short of 21 tons, and the average may be estimated at 18 tons. 
This, however, is greatly above the production in some districts. The Staffordshire furnaces, for 
instance, do not usually average more than 10 tons weekly. 

The lesser make of the Staffordshire furnaces may be explained by the shorter time they are at 
work, and the slower rate of working practised by the pnddlers. In the Welsh district, with an 
abundant supply of the raw materials, iron and coal, the furnace is under work one hundred and 
forty hours weekly, the only stoppage b^ng four hours on Saturday evening and the whole of 
Sunday. In Staffordshire the ftimaoes are lit on l^Ionday evening and let out early on Saturday, 



IKON. 2087 

• 

thtt working period seldom exceeding one liundred and four nours weekly. From keeping the fui^ 
iianen longer at work each week the Welsh ironmasters are enabled to turn out a comjiaratively large 
quantity of iron with a limited nmuber of furnaces. The yield of metal is believed to be improved, 
while there can be no question but that the yield of coal is considerably diminished. A certain 
quantity is expended every week in getting up the heat. The consumption in this way for each 
ton of iron will be in an inverse ratio to the weekly make. 

The make of the double boiling furnace averages 36 tons weekly. Working on hot iron from 
the blast furnace the make is as high as 46 tons weekly. Similar furnaces at the Chillington 
forges, Staflfordshire, produced about 28 tons weekly. 

The make of pudulitig furnaces, working on all refined metal, depends very much on the skill 
of the puddler. With first-rate workmen, and iron and cool favourable, the produce will reach 
28 tons ; with inferior hands the make will be about 21 tons. . Taking nu average of eighteen years* 
puddling, Truran found that the make of puddle-bars from five forge s was 23 tons a ^eek for each 
furnace at work. 

Puddling with wood is practised to a considerable extent in Sweden, the best furnace being 
that of F. Lundin, of Carlstadt Munkfors, Fig. 4349, designed for the couMumption of turf and peat 
without drying, and of wet saw-dust or other rioist fuel. A, Fig. 4349, is a pile of green saw-du&t ; 
B, hopper and cone ; ^t&s generator for green saw-dust; G, condenser; H, heating fumuce with 
Siemens' regenerator : II, v^ve-box ; K, aiivblast ; N, regenerator for gns ; P, regenerator for air ; 
S, chimney, 43 ft. high ; T, blast throttle- valve ; X X, dampers to regulate issuing gas ; Y Y, 
3500 lbs. of iron in bars, cooled by the water from pipe Y Y, to cool tlie gas and precipitate the 
water ; L, 45 per cent, of water ; Z, water at 2° ; at « the tejnperature is 2U^, where it rises to 300^ ; 
at », 30(P; at d^ 350«>; at C, 400° to 420° C. 

The temperature used to bum the gns, calculated from the cold air, is about 2000° 0. 

At R, lead melts slowly ; at F, lead melts easily ; at E, zinc sometimes melts ; M, melting-point 
of cast iron. 

Y is the plan of the auxiliary furnace for first heating : W, the plan of the reheating furnace. 

The gas, oefore condensation, contains 33 parts by weight of water to 100 of dry gas. 

Constituents of Gab. 

11*8 vol. acid carbonic 19*6 weight. 

19-8 „ oxide , 20-8 „ 

11-3 „ hydrogen 0*87 „ 

4'0 ,, marsh gas 2*4 „ 

531 „ nitrogen 56*3 „ 

Same before ns after condensation. 

The furnace may be placed at a long distance from the condenser. 

In this furnace the fuel is fed by a hopper into a reservoir, rebting upon an inclined grate, 
supplied from below with air from a blower. The products of combustion thus produced pnsa 
through a condenser, where all the moisture in tlie gas is oondentied. The gas then passes to 
the heating furnace, which is furnished with Siemens' regenei-ators. It is found easy to use fuel 
containing as much as 45 per cent, of water, tie resulting gas contains about 33 lbs. of water 
to 100 lbs. of dry gr.s, and the wiiter, after condensation, contains about 2 per cent, of its weight in 
gas, or 3 per cent, of its volume. The condensing apparatus consists of 3500 lbs. of iron bars piled 
orosswise on each other, and kept cold by a jet of water from a tuyere. The heat of the gas before 
condensation of the water always melts lead easily, and sometimes zinc. In the Ekman furnace 
dry wood containing 8 per cent, of water produces in the generators gas of a temperature of 1394°« 
while in the Lundin fmmace the temperature is 2666°, the combustion in both cases being produced 
by cold air. The gas produced by seasoned woml contains more water than that which proceeds 
from the I^nndin condenser. The duration of the furnace is very remarkable, and is to bo 
attributed probably to the fact that there is no cinder. In eight weeks the thickness of the roof, 
4 in., was only diminished from | to | in., and the side walls were entirely uninjured. So 
great is the success of this system of condensation, in connection with the Siemens' regenerators, 
that in Sweden, and in fact every wliere wliero moist fuel is employed, the Lundin furnace will 
supersede every other. Abram S. Hewitt considers that it is available for any kind of fuel 
whatever. In the United States it is believed that this arran^ment might be emplo\cd advun- 
togeonsly for washing the gas obtained from mineral coal ; but its chief merit consists in the fsct 
that in mineral regions, far removed from coal-fields, it is possible to establish iron-works, using 
saw-dust or peat with success and economy. In the lumber regions of Lake Superior, says Hewitt, 
it will be found to have a special value, because there is an abundant supply of pig accessible to 
the saw-mills on Green Bay and in Michigan, producing enormous quantities of saw-dust, slabs, 
and waste timber 

Siemens^ Oas Puddling ^ ttrnoc*.— The fuel employed in this furnace, which may be of an inferior 
description, is separately converted into a crude gas, which, in being conducted to the furnace, has 
its naturally low heating power greatly increased by being heated to nearly the high temperature 
of the furnace itself, ranging to above 8000° Falir. ; undergoing at the same time certain chemical 
changes whereby the heat developed in its subsequent combustion is increased. The heating 
effect produced is still further augmented by the air necessary for combustion being also heated 
separately to the same high degree of temperature, before mixing with the heated gas in the 
combustion-chamber or furnace ; and the latter is thus filled with a pure and gentle flame of equal 
intensity throughout the whole chaml)er. The heat imparted to the gas and air before mixing is 
obtained from the products of combustion, wliich after leaving the furnace are reduced to a tempe- 
rature frequently not exceeding 250° Fahr. on reaching the chimney ; thus great economy in fuel is 
producal, with C)ther advantages. 



The trwufer of be«t from the [aoduota of oombartion to the sir and gu entaring the fnnuoe I* 
effeotedby mesoa of regenemtore, oraa Peroy terniB them, Aocumulators 

The K« producer is shown in Figa 4350 to 4rt52. Pig, 4350 is a longitudinal seotioii. Fiit. 4351 
a front elevation and tranBTeree soction at the front, and Fig. 4352 a tranByersa section at the buck. 
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neat description, suoh as slack, ooke-duat, lignite, or pent, is sapplied at intcrrala of btim b 
Ight hooiB through the ooverad holes A, Figs. 43fiO, 4351, and deecends gmduall]' on tho 
inclined plane B, which is set at an inclination of from 45° to 60° aocording to the nature of the 
fuel used. The upper portion of the incline B ia made solid, being formc?d of Iron pistes covered 
with flre-brick ; but the lower portion C ie an open grate formed ca horizontal flat slcpe. At the 
foot of the grate is a covered water-trough D, flll^ with walpr up to a constant level fnan the 
small feeding cistern E, supplied by a water-pipe with a ball tap. The large opening under 
the water-trough is convenient for drnwing out clinkers, which generally colkct at that point. 
The small stoppered holes F F at tlie front and G G at the top of tho producer are proTided to 
allow of putting in an iron bar occaeionally to break up tho maaa of fuel and detach clinkers ftom 
tho Bide walls. Each producer is mude large eoough lo hold about 10 tons of fuel in a low incan- 
descent state, and is capable of oonverting sbont 2 tons of it daily iota a combustible gas, which 
pasaea off through the opening H into the main gas-flue leading to tho furnaces. 

The action of tho gas producer in working is ss follows ; the fuel deeoending slowly on the 
solid portion B of the inclined plane, Fig. 4350, beoomes heated and parts with Its volatile consti- 
tneuta. the hydro-carbon gases, water, amtuonia, and Bome carbonic acid, which arc the same as woold 
be evolved from it in a gas relort. There now renisins from 60 to 70 per cant, of pnrelj oarbon- 
aoeoDi matter to be dispoaed of, which is accomplished by the alow oorrent of tii entering through 
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the grate C, producing regulu oonibuatinr immeil lately upon the grate; btit the csrbonie Mid 
thereb; produced, having to pABs slowly on through a layer of incandeaceni Tuel fium S to 4 ft 
thick, takta up another eqnivaletit of carbon, and the carbouio oxide thus formed pasaee off with 
tike otlier combuatible gaaea to the funtacc. For every cubic foot of oombustibte cArbonio oxide 
tliDB produced, tailing the atmoaphere to consist of ane-flflb part by volume of oxygto and four-fifths 
of DiCrc«oii, 2 cnb, ft. of ineomhUBtible tiitrugen pass alao through tlie grate, tending greatlr to 
diminuth the richnesH or heating pn»er of the gag. Not all the corbunnceoua portion of the fuel ie, 
however, volatilized on such diHadnintRgeouB terma; for the water-troiigh D at the foot of the 
grate, absorbing the spare Jieat from tlie flre, emits steam through the small hotee I under the lid ; 
end each cubic foot of steoni in travereing tho layer of from 3 to 4 ft. of incandescent fuel in 
deoompoaed into a mixture consisting of 1 cnb, ft. of hydrogen and nearly an etjnal voluuie of 
carbonic oxide, vith a variable small proportion of carbonic acid. Thus ] cub. ft. of steam yields 
as much inSammable gas as S cub, ft. of atmospheric airj but the one operation is dependent upmi 
the other, inasmuch as the passage of air through tlie fire is atti;nded with the generation of hent. 
whereas the ptoduction of tlie water gasea, aa well as tlie cvululiun of the hydro-carbons, is carried 
an at the expense of heat The generation of steam in the water-trough being dependent on tlie 
amount of heat in the fire, regulates itself naturally to the requiremelils ; and the total productii li 
of combustible gases rules with the admiasiun of air. And since the admisaiun of air into (he 
grate depends in its turn upon the withdrawal of the gases evolved in the producer, the production 
of the gases is entirely regulated by the demand for them. The prodaotion of gas may even bu 
arrested entirely for twelve hours without deranging the producer, which will begin work again as 
soon as the gas-valve of the furnace is reopened: sinoe the mass of fuel and brickwork retain sufficient 
heat to keep up a dull reil heat in the prodncer during that interval. The gas ia, however, of a 
more uniFi>rm quality when there ia a contiiiuons demand for it, and for this reason it is best to 
supply Buveral ftininces from one eet of producers, so as to keep the producers constantly at work. 
The openin,^ H leailing from each producer into the main gas-flue can be oluaed by inserting 
a damper from above, as shown in Fix. 43A0, in Case any ons of the producers ia required to be 
stopped for repaita, or because part of the furnaces supplied are out of work. 

It ia important that the main gas-Que leading to the furnaces should contain an excess of 
preasure, however slight, above the atmosphere, in order to prevent any innard draughts of air 
through crevices, which would produce a partial combustion of the gas, and diminish its heating 
{jower in the furnace, beaidea cauaing a deposit of soot in the fluea. It is Ibeiefore ueceesary to 
deliver the gas into the furnace without depending upon a chimney draught for that purpose. 
This oould easily be aooomplished if tlie gaa producers were placed at a lower level than the 
furnaces, but as that ia generally impossible, the following plan has bein adopted. The mixture of 
gases on leaving the produoera has a temperature ranging between HW and 400° Fahr., which 
must under all circumstnnoes be sscriflced, since it makes no diCfereuoe to the result at what 
temperature the giis to be heateil enters the regeneratots, the final temperature being in all cases 
very nearly that of the heated chamber of the furoaoe, or say 2500" Fahr, The inilial heat of the 
ICns is therefore made 

available for produc- 'su- 

ing a plenum of pros. 
sure by making the 
gas rise about 21) ft 
alKive the producers, 
then carrying it bori- 
tontally 20 or 30 ft. 
through the wrought- 
iron tube J, Pij;. 4350, 
and letting it again 
descend to the fur- 
nace, as shown by tlie 
arrows. The horizon- 
tal tube J being ex- 
po led to the atm)- 
sphere oauses the gaa 
to h>se from 100° to 
150'' of temperalnre, 
' which inoreaaea its 
density from 15 tn 20 
per cent, and girea a 

prepwndafBting weight to that extent lo the descend- mm. 

rng aoluam urging it forward into the furnace. 

Figs. 4353 to 4358 represent a puddling fiimaoe 
ooiiatructed on a W. Sietncns' plan. Fig. 4353 is a 
longitudinal section of the furnace; Fig. 4354 a seo- 
tional plan of the puddling chamber: Fig. 4155 a 
seotional plan of the regoneralora : Fig. 1356 is a 
transveroe eccLion at tiie end of the furnace; and 
Figs. 4:[57. 4:158, are vertical sections through the gas 
and air pasangos. 

The four rogenemtors C are arranged longitmli- 
nally underneath the puddling chamber A, which 

may he of tlie usnal form. In order to complete tlio oombnstioD of the gas and air in passing 
through the comparetivcly short length of the puddling chamber, it is neccBsary to mix them 
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lDtImftt«1j. For this pnrpoee > miiiiig chamber O, Fig. 4353, U pmrided at each ead nf tba 

Suddling chamber, and tlie Ksa and air from tha regen^ratonarenuii^e to enter the miiini; chamber 
am oppoiiite t teles, as aliona in Fig. 43.~i6; the ga« aperture E is placed several inches luner than 
tlie ait npcrtnto F, so that tlie lighter stream of gas rise* throneh the stream of air while biitli ara 
urged forward into the puddling obamber, and an intenw Gominution is pniduced. The mixing 
chambers O are sluped towards the fumace, as shown in Fig. 4353, in order to drain tliem of mj 
cinders which maj get over the bridge. The reversal of the earrent Ibrongh the furnace Ib effected 
about everjr honr by tlje reversing valrea H and J in the air and gas flues, the arrangement of 
which is exactly similar to thai in Siemens' glsM foniMe ; the supply of gas and sit is r^pi- 
lated by the throttle-valvw 

L, and the diaasht thniugh UH. 

the fnmace by uw ordinary 
chimney dampw. 

This same arrangement, 
with obvioua raodiflcntioiu, 
may be applied also to blomn* 
ing and heating fumacEe, 

tlifl advantages in both cases J 

being a decided saving of L 

iron, besides an important 
saving in the qaantitv and 
quality of the fuel em|>Ie jed. 
The space snved near tlio 
hammer and rolls by doing 
away with flre-places, sepa- 

nite chimoey-stncks, sod stores of fael, is uh- 

also a considerable Bdvantage in favour of 
llie regenetative gag furnace in Iron-works. 
The facility whiob it affords for either oon- 
centtating the heating effect or diOoaing 
it equally ovet a long aliainbt-r. by effect- 
ing a more or lees rapid mixture of the air 
*nd gas, renders the fumace particnkrly 
applicable for heating large and irregulat 
fo^ngs or long stiipa or tubes which 
have to be brought to a welding heat 
throughout. 

Many attempt* have been made to 
apply machinery to the purpoee »F pud- 
dling iron, and relieving the pnddler from 
the heaviest portion of his laborious work, 
but they have not been received with 
much favour, the most promising being an 
arrangement to rotate the rabble by means 
of a belt and pulley. OUier attempts have 
been made to dispense with muinal labour 
altiwelher In puddling by giving motion 
tn the fumaoe itself, in order to prodnoe 

tlie necessary agita- i«, uu. 

tion in the metal, and 
■o render tlie nse of 
tools nearly or alto- 
gether unnecessary. 
Tlio plan that has 
been most BucceBsful 
is the invention of au 
American, Bamuel 
Dauks. 

Fig. 4H59 is a sM- 
lional elevation : Fig. 
4360 a cross-section of 
revolving chamber i 
Fig.436laharitoutal 
aeetinn of revolving 
ohamber; Fig. 43G2 
an elevation of mov- 
able end -piece and 
flue: Fit;. 4;t6;jafront 
•ectional elevation of 

S64 an end elevation of squeezer, of VkM rotary puddling machine. ' B ia the revolving chamber ^ 
M, movable pieoe; 0, passage for gaaes; T, carrying rollera; N, tapping hole; B, stopper-hole, 
B, flro-hole: P, wind-pipe: W W, wind-jet pipes; (, bed-plate; oo. gear-wheels: g, flre-grate; 
b grate-bar- r, standard; /),wInd-v»Ivo: G G, grate-bars; I, ehimnej-Btaok: 2, stationary flue; 
3, btidge-ring; i, fire-bridge; 5, suspension-iodj, wHh swlveli; 6 C, water-pipes; 7, water front 
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The fDTiUtoe has a flre-Knte, in ontvftrd appearance like (lie ardinai7 puddling ramaco, bat it 
differs from this conriderably in aevcnil particulars. It baa a fan binat nndei tbe grate, to urge 
tbe fire and produce gaa. It has also jeta of fan blast oixr the flra, 
injected for loo purpose of ensuring the more perfect combustion of the ***'- 
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n linine of flre-brick on the lide neit to Ihe fire. nii>1 1, eontioif of TetllinK on the side oeit to tlie 
chnrge. II tilao liu t, course of fire-brick ou the top, and is thiu perrectl; proteoted od all iidca. 
Futened on to the bridga-plale is » 430, 
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The revolTing chamber !■ nmile of too 
end-pieoce, so formed ae to be banded with 
wrought-iroa baiids, end to hare detachable 
liogi OQ tlie part most exposed to the fits. 
It rests on carrying rollers, to allow its 
free rotation. It has also suitable ribs for 
strengthening it, and holes for riTetiog the 
rings and etaTe-platea npon it. These two 
ends are oonQeetad together by a aeries of 
stave-plates to form a cylinder, and are of 
snitable length aooording to the desired size 
of the oharober, 'fbay hare hollow ribs, 
rnnuing longitodinally, which serve the 
double purposes of holding the fettling and 
Iceeping it cool, and when riveted together, 
form an open-ended cylinder, one end of 
which butts against the ring that is fastened 
to tlie bridge-plate, wliere the gases are ad- 
mitted over the bridge from the grate, and 
the other open end serves the purpose of a 
doorway for the reoeption of the charges 
of metal, and for their removal : also for 
the escape of the products of combustion 
through a movable liead-ptece which con- 
nects the revolving chamber and the chim- 
ney. This movable piece answers tlie pnr- 
pixes both of door and flue. It can be 
moved at pleasure by means of a suitable 
apparatus overheail, and when in its place 
for pDddltnK, the escaping gases iMsa 
through it into the stationary flue, and from 

thenoe to the chimney or boiler. When it iB removed for the fntroductinn or removal of the 
charge, the end of the revolving chamber is open, and balls of great weight can be very readily 
removed. When the movable piGCii ia adjnsted for puddling, it is held in poeition by suitable 
props. It has alwi an arrangement of water-pipes for keeping it cool, and a stopper-hole in front, 
so that the operations going on inaido can be seen at all times. 

The vessel Is made to revolve by means of a toothed wheel, fixed longitudinally npon it. A 
suitable engine is attached to each machine, eo that the chamber can be made to revolve at any 
speed that may be required according to the different stngcs of the operation. 

The chamber is lined in the following manner ; — The initial lining ia composed of a mixture of 
pulverized iron ore and pore lime, worked with water into the consistency of a thicit paste. Abont 
one-thiid of the inner surface of the chamber is covered with this mortar in a laj'er projecting 
about ] in. over the hollow ribs. After about four hours the first pert of the lining, as described, 
will be foond hard, bq<I in the same way the remaining parts are filled in and are allowed to set 
The fornaoe is then ready to receive the fettling. About one-fifth of the whole quantity required 
in the shape of pnlveriied iron ore is thrown in upon the above-mentioned lining. The fonuee U 
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heated up, and ia made to reTolve slowly until the iron ore is found to he ooQipletely melted. The 
apparatus is then stopped, and that part of the molten iron ore, which lias not been consumed bT 
glazing the initial lining surface, runs to the lowest level of the furnace, and there forms a pool, 
into which there are put a number of small and large lumps of iron ore, of such dimensions as will 
be required to allow the said lumps to project over the surface of the liquid ore by from 2 to 6 in. 
This first part of the fettling is allowed to set, when a fresh quantity of pulverized ore is thrown in. 
The furnace is again made to rotate slightly until the newly-added ore is liquefied, when the appa- 
ratus is again stopped, and the pool is filled with lumps as before. In this manner the whole of 
the inner surface is gradually fettled, and care is taken to regulate the position of each pool, so 
that the vessel or apparatus shall at all times find itself properly balanced. From 2 to 2} tons of 
imn ore are requirea to fettle a 700-lb. rotary furnace, luither more than the ordinary quantity 
of hammer or rolled cinder is used, and upon that the iron is charged either in a solid or molten 
comlition. When charged in the shape of pig iron, the melting down occupies from thirty to thirty- 
five minutes, during which a partial rotation is given t» the furnace from time to time, in order 
to expose equally all sides of tne charge to the fiame. When the whole of the charge is thoroughly 
melted, the furnace is made to revolve once or twice a minute only during the first five or ten 
minutc». in order to obtain the most perfect action of the cinder upon the molten iron. A stream 
of water is injected through the stopper- hole along and iust above the line of contact between the 
floating cinder and the inner surface of the vessel on the descending side. A certain portion of 
nncontaminated cinder is then solidified on the metal surface, and is carried down into or below 
the bath of molten iron in a continuous stream, which, in rising up through the iron, combines 
with the impurities of the latter. On the expiration of the five or ten minutes, the iron begins to 
thicken, and the motion is stopped. The heat is then raised, so that the cinder shall be perfectly 
liquefied, and fioat over the iron. That cinder contains. all the impurities which have been liberated 
from the charge, and it ia essential to prevent its further contact' with the iron. The vessel is 
therefore brought into such a position thiat the tap-hole shall be just over the level of the iron, 
which by this time has become partly pasty. The puddler gently pushes back the iron, and tiio 
cinder is made to run off. The tap-hole, by a slight motion of the vessel, is then brought high 
enough over the level of the iron, and is stopped up. The heat is again raised, and the furnace is 
put in motion at a velocity of from six to eight revolutions a minute, by which means the charge is 
dashed about violently in the furnace. Should a sufficient degree of decarburization not have been 
produced at that point of the operation, then the liquidity which the iron will assume under the 
increased temperature will prove the faci A high temperature being kept up, and the charge 
being continuiuly turned over, the particles begin to adhere, when the velocity of the apparatus is 
lowered to from two to three revolutions a minute, upon which the ball then speedily forms. 
Should any loose pieces be detected in the furnace, the puddler moves them all to the same side of 
the ball, and by giving a partial rotation to the furnace he causes the ball to fall upon them, and 
thereby forms them into one mass. The puddler solidifies the front end of the ball by a few blows 
from a tool applied through the stopper-hole. The props of the movable piece are then removed, 
and the fine nanging from the overhead rail is moved away. A large fork, suspended from a crane, 
is moved into the vessel along one side, and the ball, which, by a turn of the vessel, is rolled on to 
the fork, is removed by means of a crane. The ball is then worked in a squeezer. The requi- 
site quantity of cinder and metal is again charged. The flue is replaced, and the process continued. 
From eiglit to ten charges are made before any refettling is required, when the parts most worn 
are repaired. The bloom comes from the squeezer in a very solia condition, and is either reheated 
or rolled off into puddled bar, and so on, at once. 

Whilst Danks was engaged perfecting his machine in America, Spencer was also actively at 
work in this country experimenting with a revolving puddling machine. Much labour has been 
expended in England in thii direction, and no one has worked harder and been more indefatigable 
than Wm. Menelaus, the manager at Dowlais; in fact, he produced a machine almost identical 
with that of Danks, desoribt>d in the Proceedings of the Inst of Mechanical Engineers, June, 1807 ; 
but there was one difficulty he could not surmount, and that was finding a suitable fettling or lining 
for the interior of his furnace. Spencer has succeeded in overcoming this difficulty by using as a 
lining to his furnace the cinder produced by heating wrought iron in mill, balling, or other furnaces, 
technically called bett lap, . It is a very pure oxide of iron free from silica, and is easily reduced to 
the liquid state. The first puddling machine upon Spencer's principle was erected by himself at 
Richardson and Sons. West Hartlepool Bollmg Mills, in 1870. Figs. 4865 to 4867 are of a second 
machine erected at the same works, capable of puddling 10 owt. a heat Fig. 4865 a general plan 
view of the fire-grate and stack, with toe converter on revolving chamber between them ; Fig. 4866 
is a longitudinal vertical section of these ; and Fig. 4867 is an end elevation of the revolving 
converter on its roller carriage, a is the fire-grate, similar in construction to those of ordinary 
puddling furnaces, and can m worked with an open grate, or with blast if required, a culvert 6 
f>cing provided for its introduction. The bridge end of the grate terminates in a cylindrical 
orifice e opening into the converter. The stack cT has also an orifice, neck, or throat f, leading 
thereto out of the converter. Near the bottom of the stack is a door / with a spy hole />, through 
which the operation of conversion can be observed. By inspecting the end elevation^ Fig. 4867, it 
will be noticed that the interior of the converter is composed of four sides arranged m the form of 
a regular square, and has two ends. Instead of the square, a figure of three or more sides may be 
substituted, and it need not of necessity be a regular figure, llie rhomboidal or skew disposition 
of the sides with relation to the longitudinal axis of rotation, as shown in Fig. 4865, is preferred ; 
but it does not constitute a feature of the invention, excepting in combination with the forms 
described. 

The converter is a box-like vessel with circular openings ^, A', in its ends <;, A, corresponding 
and communicating with the circular openings c and from flrc-grate and into stack. The ends g, A, 
are circular vertical plates of cost iron, with rims, flanges, and ribs thereon, and with the open- 
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cells for holding the fettling n, as in Fig. 4366. The sides of the converter consist of skeleton cells, 
trays, or boxes p, lined with fettling and bolted to the ends ^, A. On two opposite sides of the con- 
verter are hinged honeycombed doors q, having in them charging holes 9* and spy holes q% and 
theee doors may be opened singly or together for the purpose of withdrawing the charge. To 
explain the revolving diamber clearlv, yet briefly, in the inventor's own words, and without refer- 
ence to the engravings, it is of the rhomboidal form, supported at the ends by large discs at right 
angles to the axis upon which it is made to revolve. Tne transverse section is square ; longitu- 
dinally, two of the sides are parallel to the axis of rotation, and the other two sides, although 
parallei to each other, are pitched slightly diagonal ; the diagonal throw is intended to give to the 
charge a motion firom bridge to fine and the reverse. By the square form and diagonal sides the 
iron 18 made to travel over the whole surface in a very effectual manner, even if the speed of rota- 
tion be one to two revolutions a minute. Not only are the flat sides found the best for thoroughly 
agitating the iron, but for allowing the lining to be equally distributed upon the four sides, thus 
securing a uniformly smooth surface throughout the mterior, which can be easily fettled witii 
molten cinder or tap. Where the chamber is connected to the furnace grate and to the stack, loose 
rings are made to outt against it, allowing it freely to rotate, and very simply securing the joint ; 
the rings are kept well up to their place by levers and balance-weights. 

The fettling is secured to the interior of the revolving chamber in the following manner ; — ^Each 
trough or honeycombed section is filled with molten tap beforo being placed in position, the ends 
are made up of tap bricks, cast into moulds of the required shape, and the whole is cemented 
together witn molten tap, charged to the interior through the hole provided in the doors of the 
machine. The pig iron is first melted in a cupola and then introduced to the converter bv means 
of a wroughi-iron Uough inserted at the door in the back of the stack, through the body of the stack 
and the neck of the lumace. The converter is made to revolve slowly, and the metal becomes 
thoroughly agitated, until it comes to the boil ; the vessel is then shortly stopped for a time, and 
again set m motion, till the metal assumes the granular form and then lialled, when it is ready to 
draw. The whole time occupied is about sixteen minutes. 

Spencer has constructed another machine differing from that we have described, as will be seen 
on xefening to Figs. 4368 to 4373. The gxate is of ordinary shape and construction, but in aize 
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proportionftte to the oapaoity of the revolving chamber. The bridge is a common water-bridge, 
open on the top and bolted on the end nhite of the furnace. The bridge neck has a flange or ring 
upon it, for the double purpose of confining the brickwork immediately above the bridge, and for 
sappcnting a loose ring which serves to form a close joint between the fire-grate and the revolving 
chamber. The revolving chamber is a long square box, as in the centre of the machine just 
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described, bat loneer. the internal dimensioziB being, when fettled, 9 ft. 6 in. by 4 ft. 8 in. In the 
present machine aSl Uie sides are parallel to the axis of rotation, the advantage of this being that 
each side can be fettled with the motley 

cinder so as to have a perfectly level snr- *^"- *®^'' 

face, of an even thickness throughout. 
The sides are composed of open trays or 
girders of cast iron, placed transversely 
instead of longitudinallv, in order to resist 
the torsion when revolving. As in the 
former machine, it is supported at each 
end by a cast-iron disc, and on account of 
its greater size there is also in the middle 
of its length a third disc or ring on an 
additional support. These three discs 
which carry the chamber revolve on large 
rollers fixed on 
a strong frame 
and bed - plate 
beneath the ma- 
chine. At the 
flue end of the 
chamber a mov- 
able neck, Fig. 
4371, is placed, 
made of wrought 
iron, lined with 
fire-bricks, which 
forms the junc- 
tion with the 
chimney, pro- 
vided at the 
lower end with 
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A oast-iron mouthpiece on its side corresponding with that of the sliding neck, and is supported 
upon girders and colmnns made sufficiently strong, with the intention ultimately of placing a 
boiler to utilize waste heat. The fettliug, as before, is composed of mill tap, or mill tap mixed 
with pottery mine, purple ore, roll scale, or any other suitable oxide of iron cast into the sides, 
and is built in blocks properlv moulded agsdnst the sides, the whole cemented together by 
molten tap into one smooth and regular form. This may be oeJled the structural lining. The 
repairing is done by means of wrought-iron spouts which convey the molten fettling direct from 
the furnace or ladle to either end or sides, as may be required, and occupies about three minutes. 
The charge of iron is melted in a cupola, and then carried bv a ladle or by a spout to the flue end 
of the revolving chamber. In the movable neck a small door is open which admits a spout 
mounted on wheels, which reaches over the joints and dips slightly, so as to allow the iron to run 
freely and lessen the height which it has to mil. Immediately the iron begins to flow the chamber 
is made to revolve slowly, thus preventing the iron eating into the bottom and at the same time 
hastening its conversioii. The charging of a ton of iron occupies about three minutes. When 
oompletea the spout is withdrawn from the neck of the small door, dosed, and the revolving of the 
chamber is continued. The boil begins, in about five minutes, and continues from ten to fifteen 
minutes. The coming to nature, dropping, and falling, occupy ten or fifteen ' minutes more, if 
several balls are required. The operation going on inside the chamber is observed very carefully 
through spy holes in the neck, and when nails of a sufficient size are formed the machine ia 
immediately stopped. Should the whole heat be wanted in one mass or baU, the chamber is 
allowed to continue revolving slowly, and firing kept well up for about ten minutes, when it 
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if foanil that one complete uid well-formed ball ia the result. The witbdrawias of the heat is 
eSteted bv a pair of long tongB notrntod on rollers, attached by a chain to a small hauling engine. 
The moTable neolc is found to be a rery complete and simple arrangement, as it may bo rsis^ oi 
lowered just u easily as the door of the ordinary puddling furnace. The discs of lbs machine, 
Figi.4363 to 4.167, were each mads of semicircles of cast iron, strongly flanged and bolted together, 
but the eiponaion occasioned by the beet soou convinced Spencer that bolts and bars were 
of little avail, and the discs, instead of remaining round, look a somewhat oval sbnpe. This 
diffloulty has been overcome in the machine^ Figs. 436B to 43TS, by making the end discs into two 
petfeet rin;^ fitting loosely one within the other, with sufficient space ottween them (o allow 
expansion, the inner ring or centre-piece of «ach disc being kept in position by bolts possinii 
tbrongb flanges provided for that purpoee on both ritigs. It is also further etrongthened by 
having strong hoops of wionght iron contracted oq it As it is of similar size and ehape to the 
Inside of the chamber, it ahaorba the greater port of the beat, and thus relieves the outer ring 
of inside, itrains throngh eipftnBion. The aidea of the revolving chamber are mode up of open 

Sy» of east iron of girder form, with wrougbt-iron plates riveted on thein, and held in position by 
Its paaaine through them and through the discs, thus tying the whole together by wrought iron, 
capahieof blowing of any expansion without danger of breaking. The next point is the movable 
n«ok or flue drawing, a very ample but effective improvement, and made to slide somewhat like a 
wedge between the aperture of the revolving chamber and the chimney. The wedge-shape is 
eiren to it for the puriioee of allowing it to recede from the face of the chamber when lifted, and 
trie itaelf easily trom anv cbider which might otherwise clog the joint. Weighted levers give it 
the requisite pressore, wben the machine is in motion, to keep the joints quite tight without the 
nee of wedges, screws, or luting, at the same time admitting it with ease to serve the purpose of a 
door and screen, and may be opened wholly or partially, as may be necessary, when the heat is 
being drawn; but aa it Is most frequently required in such c&hbs to be only partially opened, it 
■till admits of heat being carried to the chimney, or boiler, if there should be one applied to the 
fiimace. It will be noticed that in this machine Bpencer baa diBpensed wilb the diagonal throw 
which his former machine bod. Immediately on the neck being lifted, a frame upon wheels, 
oerrying a nloely-bolaueed tonga, ia advanced to the doorwav and made to grip a bell : the whole 
is then steadily drawn back % meaoa of a ohatn attaehea to the small hauling engine. Thia 
piooesa is repeated until tbe chamber la discharged. 

Hammera and Sqvaturt, — The pnddle-balla are ddlvered by the helper pnddler to the shingler, 
who ahapea them Into bloome preparatory to pasmng them between the puddling rolls. 

I'he operation of blooming iraa formerly performed with heavy btuuners ; theaa consolidated 

the balls by repeated blows, and 

expelled a large portion of the 
cinder. Dniing the hammering 
the bloom was placed endways, 
receiving a couple of blows in 
that position to upset it, or con- 
dense the particles of metal longi- 
tudinally. It ia generally con- 
sidered that where qnality is an 
object, no sutetitute has been 
discovered for the bamimering. 
Bui In yield, the principal object 
looked to in tbe manufaotnre of 
much of tbe bar iron of the pre- 

t day, the modem reoipro. 



caling squeezer is superior. 

The substructure of a forge- 
hammer. Figs. 4374, 4375, umially 
consists of a solid timber bedding, 
containing from 1000 to ISOO 
oubio feet of oak, capped by e 
cast-iron bed-plate, shown in 
plan. Fig. 4375, measuring about 
!4 ft. by 7 ft., and weighing trtxa 
10 to 12 tons. Two atandarda, 
weighing about 8 tona, (br 
ing the helve are Bxed c 
b^-plate in atrong jawa, and a 
tUra.alaoofDMrly equal weight. 




hammer-face, which measure* 18 in. square at the lower side. Standing on the bed-plate, nnder 
the centre of the hammer-face. Is tbe anvil-block, weighing from 5 to 6 tooa, having an anvil-face 
on Its upper aide similar to the hammer^faoe. The helve and Its hammer are lifted by a revolving 
cam-ring, S ft in diameter, liaving wipers or catchee on lti> cironinfetenee: these catch in the 
point of the helve, lift it up, and paaa aronnd, permittiDg it to fall again on the bloom under 
operation. 

6 a a 
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block r PigB. 4380 to 4382, soctions and plan of nnril »nd block ; Fig. 4383, elevaUon of aavil-bltxtk, 
■boiriaK Beotiooal helve Buppoiled on juck ; Pig. 13S4, croBB-eection of cun-rii^ ; Fig. 4385, plan 
o! hoUa; Fig. 4386, aide viev of h^Te-betul; FigB. 43!J7, 4386, elevatian and Beotion of driving. 
wheiilB ; Fig. 4389, Bhiogling toogs. 

Ttie great Btienglb of these hammerB, and the weight ot the blowa given, ma; be partly undei- 
Btood from the neightof the oistiDga used in the conatructionof one of medium Bize; — Bed, II Imu; 
helve-Btaadards, inolading brasses, 3 tons ; helve, 5 tons 10 cwt. ; hammer-face, 15 cot. ; anvil- 
block, 5 tons 10 cwt. ; anvil-faoo, 16 cwt, ; etandardi nnder cam-ring Bhaft, 2 tone 10 cwt. ; cam- 
ring sh«n, 12-in. beariiigs, 2 ft. 4 in. diameter in the middle, 7 Um; cam-ring, 4 toni 5 cwt.; 
four wipew, 2t cwt. : total, 41 tonB 10 cwt. 

When not working, the belve was propped up clear of the cam-ring on an iron bar made to fit 
under a projection cast for that pnnioae. The poddle-ball having been placed on the anvU-boe, 
the helve is lifted off the prop by a boy holding a small iron block underneath the point, and so 
bringing it wltLin the action of the wipera ; the prop being withdrawn, the helve descends on the 
bail tol>e again lifted by the succeeding wiper. The height of the lift depends on the relative 
position of the helve and cam-rin);. end provision is made in the standards for any alteration that 
may be deemed necessary ; for a hammer of the dimensions described, the lift would average IGin. 
The gearing on the cam-ring shnft in connection with the engine or other prime mover, is pro- 
portioned to eighteen or nineteen revolutions of the cam-ring a minute ; consequently, with four 
wipers in the cam, the number of blows ranges from Beventy-two to Bcveaty-eii a minute. The 
puddle-balla receive from fifteen to twenty-Qve blows, occupying from eighteen to thirty seconds, to 
convert them into blooms. 

Figs. 4390, 4391. are an elevation and plan of a donble wiueezer : Figs. 4392, 4393, seotions of the 
squeezer-sno through gudgeon and through the hammer ; Fig. 4394, end of squecner-arm, showing 
gudgeon. 



The aqneoer bta now klmoBt entirely inp^^nted the hammer Id the forge. Ita Ont ooct is not 
tuklf Mgieftt, theooat of muutenuioe ia diminiahed in a BimilsLr ntio,aadif thequ»lity of the iion 
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The 
■qvceMn ooEnmonly empIOTed have ft reaiprocating motion, and are 
dutiDgniBbed aa aingls and double ended. The aingle have bat one 
anvil sod hMuner, Figi. 138S, 1S96 ; the double have two hammeis 
and two anvils. 

For a double-ended Bqneezer, the caEt-iron bed-plate ii laid on two 
longitudinal balki of timber; it meaaures about 20 ft. b; 5 ft., and 
weighs 6 tone. On one end atrong atandards, liaviuK besTV braasea, 
ate aecnrelj fixed to it for curying a dip-crane. Near the centre 
two othw stutdftrda, flnnly Mcnred to the bed-|d*te, Mrrj the tqaeeicr- 
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arm. This consists of a V-shaped lever moving on a centre gndgeon, one of its ends being oon- 
nected by a sweep-rod to the crank. Recesses are cast in it to receive hammer-faces, 8 ft. long 
by 1 ft. 6 in. wide. On the bed-plate a strong horizontal frame carries the two anvil-faces, 
each measuring 6 ft. by 18 in. When the lever is mounted and in a horizontal position, the 
inside end of each hammer-face will be 5 in., and the outer end 16 in. from the anvil-face. If 
the crank has a 16-in. stroke, these distances will be diminished to 4 and 11 in. respectively at 
the bottom centre, and increased to 6 and 21 in. at the top centre. 

The weight of the various pieces composing a double squeezer such as we have described may 
be stated as follows ; — ^Bedding, 6 tons ; crank-shaft standards, 2 tons 10 cwt. ; crank, 12 owl ; 
standard under anvils, 4 tons ; centre standards, 2 tons 16 cwt ; squeezer-arm, 3 tons 5 cwt. ; 
anvils, 1 ton 16 cwt. ; hammers, 14 cwt. : total castings, 21 tons 13 cwt. 

The puddle-ball is delivered by the helper puddler to the shingler, who moves it forward on 
the squeezer-anvil until it arrives in contact with the hammer-face. At each stroke of the squeezer- 
arm the ball is flattened by the pressure, and a portion of the cinder expelled; during the up 
stroke it is turned over by the shingler towards the fulcrum of the arm, where it is reduced to a 
bloom about 5 in. in diameter by 18 in. long, after having received in its progress from fifteen to 
twenty strokes. Tlie upsetting is performed at the extreme end of the squeezer, where its eleva- 
tion above the anvil gives sufficient height for the bloom to be set up on end and pressed. 

The squeezer-crank revolves firom forty-five to eighty times a minute, according to the speed at 
which the rolls are set ; the last is a high speed ; fifty-six to sixty revolutions is more advantageous. 
The time occupied in squeezing each ball averages twenty-five seconds when the crank revolves 
sixty times a minute, giving twenty-five blows altogether to each bloom. 

The hammering and sq^ueezing processes differ from each other, inasmuch that in the former 
the ball is shaped by the mipact of the descending hammer ; whereas in the latter, the object is 
attained by simple pressure. In erecting a hammer the chief requisites are a foundation that shall 
withstand the concussion, and machinery capable of lifting and supporting the helve at the rapid 
rate of working practised. For this purpose the castings are made very heavy, and weigh abovo 
40 tons, of which nearly 19 tons are in motion. In the construction of the squeezer, the iensile 
strength of the cast iron employed is severely Med. The crank and centre standards, sweep-rod, 
and squeezer-arm are subject to enormous strain, and require to be made proportionately strong. 
From the experience obtained in the working of nine puddling forges, we learn from Tnuan that 
the aggregate sectional area of the crank-standards in their weakest place should not be less than 
136 in. ; the centre standards, 212 in. ; and the wrought straps on the sweep-rod, 12 in. 

With the weights and proportions given, the duration of the respective moving parts is, 
for a forge of sixteen furnaces; — Squeezer-arm, ten months; anvils, six months; hammers^ 
eleven months ; cranks, three months ; brasses to cranks, three weeks. The duration of the 
hammers and anvils may be increased by casting in them a small wrought-iron pipe bent in a 
serpentine form for keeping them cool by a current of water, and thus preventing tne adhesion of 
the cinders. The inlet and outlet pipes of the hammer are brought over the centre gudgeon where 
the vibration is least, and united by a flexible connection to other pipes. Bv using water in 
circulation through them, the hammer and anvil will work nearly twice the usual quantity of iron 
before requiring renewal. 

Motion is usually communicated to the squeezer by coupling the crank direct to the end of tha 
bottom roughing roll of the puddling train ; in a few works shafting, independent of the rolls, is 
employed, and the squeezer driven at a reduced speed. The strain is taken off the rolls in tfais 
arrangement, but the greater number of bearings m motion and the additional spur-gear increase 
the resistance to the working of the forge, and probably balance any advantage that might 
otherwise accrue from a separate connection. 

The connection of the squeezer-crank with the end of the roll ought at all times to be made by 
means of a connecting spindle, as long as circumstances will allow. Connecting direct to the roll 
end is objectionable, though it is generally done; the lifting of the squeezer-crank causes the 
roughing rolls to wear unequally, and throws an unnecessary strain on the necks. B^ employing 
an intervening spindle this is avoided, and the durability of both rolls and crank is increased!. 
Greater facilities are also afforded by this arrangement for changing rolls, and the stand for the 
rougher is made more durable by keeping the squeezer farther off. In a forge where the cranks 
were connected by crabs directly to the roughing rolls, placing a short spindle between increased 
their average duration from six weeks to five months. 

Various modifications of, or substitutes for, the common lever squeezer have been brought out 
from time to time, and used to a limited extent. The first in the list was an American inven- 
tion. It consisted of a circular cast-iron well, containing a revolving cylinder of equal depth, 
placed eccentrically ; the least distance between the two was equal to the diameter of the finished 
oloom, while at the widest the breadth was equal to the diameter of the largest size boll. Motion 
having been communicated to the inner cylinder by strong bevel-gearing in connection with the 
engine, the ball is placed in the machine, the inner cylinder, armed with short teeth on its circun^- 
ference, seizes it, and during its revolution, by a combined squeezing and rolling motion, the ball is 
reduced to a bloom of the desired dimensions, and delivered at the opposite side to the rougher. 

This machine is, taken altogether, a specimen of great ingenuity, but in practice the bevel- 
gearing and the liability to derangement are great drawbacks to its employment ; besides which 
no effectual means are provided for the upsetting of the bloom, an operation which catmot be 
dispensed with if the quantity is to remain unimpaired. 

An apparatus of a similar kind working veAically is also in use in a few works, Fig. 4397. 
The revolving cylinder is mounted on two strong cast-iron frames, between which a semi-cylin- 
drical casting is fixed eccentrically to the cylinder. The conversion of the ball into a bloom is 
effected in the same way as with the American machine, and is subject to the same defects. In 
one erected at the Plymouth Works an attenpt was made to manage the upsetting by means 
of side blocks acted on by springs ; self-feedmg and delivering machinery was also provided; 



•Itogether it probably wu the moBt tumplete of its kind. Its workiiig, hoveTei, wm not Ntii&atoi7, 
and the reoiprooating Bqneezsr, formarlj employed, wu leatored to urour. 

In Kootber mbatitate for the ordioar; sqaeozer, 
the blooming of the ball is HCcomplished by paas- 43>l. 

ing it between three ecoentrio rolls, Fig. 798, 
p. 367, irhich during their reTOlntion, by com- 
preasion, extend it hterally to the Biie for the 
rougher. The three rolb work on befttiug 
brsssea in a strong fiwning fitted with edjiut- 
ing screws, and ue oonpled If^ther by nuts and 
Spur-gearing. 

fuddling SoUt.—The pnddle-bBll haring bean 
shaped by the ahingler into a bloom of suitable 
size for the grooves of the tdUb, the rougher now 
takes it in hand. The bloom is passiid through the 
largest groove of the rooghing rolls, then tt^ugh 
the neit smaller, until its seotional diameter is 
sufficiently reduced for the toller, who shifts it 
to the finishing rolls, and after passing it three 
or four times between the rolls, thraugb as many ' 
different groovee, prodncea a fluishad puddle-bar. 

Fig. 439e is BU elevation of a oomplete forge train, and Figs. 4399 to 4442 exhibit details. Figs. 
4399, 4400, tldeaDd front new of fast half of coupling oiab; Figs.4401,4402,rolls' pinion ; Figs. 4403, 
4404, clip for keening rolls' ooDpIiug np to their plaoe ; Figs. 4405, 440G, loose half of ooitpling 
orab : Fig. 4407, deration of tolls' standatdt, showing ohooks, brassea, roll-necks, and seltUig loraw*; 




Fig. 440S, plan of standard . Figs. 4409 lo 4411, sections of standard ; Figs. 4412, 4413; front 
Tie* and plan of pinion housing ; Figs. 4414, 4415, side new and pInD of the arm of the sqaMiar 
Fig. 489S: Fig. 4416, view of top gudgeon; Fig. 4417, sqneeieioaDk ; Figs. 4118, 4418, standaid 
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for Bqueezer-crank ; Fig. i420, Beotion of standard, Bhowing gudgeon ; Fig. 4421, dde elevatioii of 
aqueezer-azin standard ; Fig. 4422, section of same through brass bearing ; Fig^ 4423, 4424, side 
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▼iew and cross-seetiun of anvil of squeezer ; Figs. 4425, 4426, side and end riew of roughing roll to the 
train ; Figs. 4427 to 4429, side ami end views of connecting spindle ; Figs. 4480 to 4433, section of side 
and eud view of pinion on roll end, with crab for driving squeezer ; Figs. 4434, 4435, butt-ends of 



miueaez oonnertrngrod ; Pigt. «36, *437, mde and end Tiew of oonpling boi ; Fim. M88, MS9, md 
of BqueoMi^Til ;>iga. M40, 4«1, uctioQ of rolls, (howing loose guidet uid ^ide« oottered clown 
to Mit : Fig, 4443, oindei-plate to go betwoeu roll* to keep the oindan oat of the betuingi. 




Two ptii of mIU funn the paddling tnia. Fig. 1398, one nir for roaghing dovn the bloom, 
the other for flniihing it into a bu. The grooTei naed in tne roughing pair ue either orml, 
Oothio, or dinmond-ihaped ; generally the fliirt two or three gioovee are Gothio end tbe other 
diamond. Tbe flmahing rolli are usoally turned with groovea to ptoduce flat bart from S to 7 la. 
wide b; I in. to 1} in. tliiok. For the narrow ban a pair of finishing rolls nill oonlain a niffident 
number of ktooveb to work iron of two width* ; but for the widu bare a pair of rolls are required 
for each width. 

In small forges, and where room is an object, the ronghing and flniihing groorea are aometinie* 
Boen in the pair of rolls, whioli are then made ptDportionate^ longer. Thu arrangement ma; h» 
advautageons under certain oircumitanoes, but the greater weight of rolls required to be kept Id 
stock, uid the neoeedt; for changing suoh heavy roUs for erer; alteration of width, ate objeotiMU 
to thJB plan. 

The durability of the neoks and brasses is greatly increased by osing oinder-plateo. A. narrow 
grooie is sunk iu the body of each roll close to the ends, and a thin wronght-iion plate insartad 
before lowering the top roll, Figs. 4425, 4442. By this means tbe otoders, which otherwise get 
Into the bearings, and grind away both iron and bnss, are excluded. 

The liottom roughing roll is provided with a serrated fore-plate and rest, the bottom flnlihiag 
with rest and wrought-iron top and false guides. Whore water-power is employed, and there is do 
daneeiof the guides being drawn in, single guides oottered down to the rest may bo used, Fig. 4441, 
With loose guidee. Fig. 4440, tbe catcbee of the coupling crabs are coDstruclcd so that if the motion 
of the engine l>e reversed, the train of tolls is disconnected! Unices Ibis provision vera made, 
the entra'noe of the cold iron guides on the backward motion would be followed by a breakage. 

Tbe puddling rolls are generally 18 in. diameter by 8 ft. 6 in. long between Marinn; neeka, 
ID in. diameter ; length of roll over necks, 6 ft. 6 in. A pair will work about a moDUk vlthont 
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eleaning, and will be worn out, body and Antes, in fonr or fiye months. The immense stnin on 
the standazds when rolling comparatiYely eaid iron requires them to be of great stzenffth; The 
aggregate area of metal in the two standards to each pair of rolls should be in the weaikest plaoe 
not less than 230 in. ; and the pinion-standards should be of nearly equal strength* - 
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Figs. 4443, 4444, are an elefation and plan of housings for a plate-mill ; Figs. 4445 to 4458 
show the Tarions hooks, tongs, and other applianoes used to manipulate iron at the rolling mill. 
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The pnddle-tar aftm' iMTing the rolli U taken b; bon to the onttliiK dieuB, which in well- 
uTKBgea forge* ve placed opposite the finiahing lolla. The genenl praotioe ia to ahear the bar 
hot; but wbea the lengtha and aiica Ibr the mill-t>ilea are not known, the old plan of diaoing 
them ont to tiie hank and ibearing ocdd ii foUowea. Btrooger Bhean an than Kqnil«d, ana the 
labour ia performed b; men. 

FigB. 14S9, 4460, show an elevation and plan of a aheara for mill-ban ; Fig. 4461, part cr.__ 
--^maadF)g.4462eiidofabeM-bar; Figs. 4463, 4464, she«TS for pnddled ban ; Figa. <46S, 1466, 




el^atfon and plan of framing for ihean ; Fig 4467, '*r"?^i,w*;^*lf Jj^wI'^Cjl"^ 
bars- Fiin. 44fe to 4471, oroewection, plM of frame, and iectiopa^ pUo of as *»onWo alieare. 

The S*d of the puddling r«lla ran^from tbirty-fite to eighty revolution, a ""''J^te. T^" 
BtafforiafcTatd Der^ydiire rorgea piSbably work at the loweat .«ed of "T^*^"" ^^J^^" 
I^e miAfo^ aredSven frorflfly to eigfily. The .pMd prefeneS by tha workmen. «.d which 



ii foond most adnotegeoiu with all bnt varj red short caetal, ma; be p)>oBd at flflj-iii. But if 
the iron be veiy red ihott, a higher speed ia atteoded with leat waste. The iheara may be drtTea 
at the nme rate as the rglts whea tba latter do uat exceed SIX j-six cevolutioua a minute ; but wtken 
they mo bcter, the ihean should be geexed, so ai not to exceed this niuuber of ODts a miniite. 



At a speed of eighty revoluliona a minute, the bw 
traTels at the rate of four and a quarter miles an hour, and 
at this rate the workman most foUow : at a speed of Btty- 
siz a minute, the bar travels at the rate of three milea an 

Uni«r>al RoOing Mill.— Figa. 4472 to 4475 Ulnitrato 

C. Wagner's rolling mill for bars and flats of variable siies, 

which has attaioed the name of a uoiTeisal mill on aocount ^ 7 

of the facility which it affords for rolliag different widths j n^, 

and thiolineaBeB with the same set of rolls. Tbe mill con- { ^ 

sista of two horizontul mils mounted )nd peered in tbe usuni : ^ 

, war. To these is added a pair of vertical tolls, fixed in ' ^n^ 

beannn which can be tiBversed on slides, in a horizontal direction, by means of a pair of right i *, 

and left screws. The simultaneous movement of the two screws is ohtainol by a band-wheel . ,' 

geared to a vertical s^uadle caRTiog two worms. These worms act upon whteU, ahown u keyed ' !-|''' 



on to tlie sciew-Bpiadlea. B7 tantii 
tical rolls Kre brought oloaei togethi 
I at} by tbeae m.e»ni the width of tl 
mill con be Qied at will. The Tetti 
laotion from tha driving pinion by n 
geared into other beval-wbeela whiol 
the movements of the vertical rolls. 
Dp in its bearings by a pair of ea 
from the bottom roll is ra^nlited 
Bcrewa. 6eTei«l rolling milla of 
Aiutris, Mid have proved very ueefi 
Samiboltom'i Sneriing Boiiing i 
BiTuigemeut ot the rolling mill dei 
that 3iB rolls are driven direct by 
Tention of a flywheel; and the en 
Teised each time that a heat is pai 
kltentfttely in oppoaite directions. 
The idea of reversing a Icain of 
toIIb by reversing Iha engine at 
each passage of the heat throngh 
the rolls was flrst snggested by 
Nssmyth, bnt was, we believe, 
first applied in this milL 

Fig. 4476 is a general plan 
of the rolling mill and engines; 
Pig. 4477 an enlarged plan of the 
engioea ; Fig. 447S a side elevntion 
of the engines ; and Fig. 4479 a 
transveise section. They are a 
pair of direct-aoting horizontal 
enginea coupled at right angles, 
Fig. 4477, and ue reversed by 
hydJsi^o power without shut- 
ting off steam, by means of the 
arrangement shown in plan. Fig. 
4477, and in elevation to a largei 
soile in Fig. 4480. The reversing 
ehaft A ia connected by links to a 
piston working in a email cylinder 
B of 4 in. diameter and 10} in. 
atroke. the water-presanre being 
SUO lbs. the square inch. The 
admission of the water to the 
cylinder is regulated by a slide- 
valve worked by the shaft and 
haod-lever C O. Thj^ shaft is 
prolonged and carried ontside the 
engine-house, as shown in Fig. 
4477, in order to place the atten- 
ditnt in a position where he may be 
able more easily to aeize the right 
moment for teveraing. The shaft 
O is made hollow, as shown en- 
larged in Fig. 4481; and through 
it runs a second shaft with hand- 
lever D D, which regulates the 
main eteam-valve E of the engines 
by the lever and oonnecting rod F. 
By this means the attendant stand- 
ing onteiile the engine-house nt G) 
and in full view of the rolls has 
complete command over the en- 
gines by the two handles C and 
D. A hand- lever is also fiztd on 
the reversing shaft A, as a pro- 
vision for reversing the en^es 
in the event of any accident 
occurring to the bydraniio gear 
or any deficiency in the water 
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^ _e make SJ revoln- 
tions for iHie revelation of the 
rolls, and the speed of piston is 
about fonr times (4- 14) that of 
lhedrEumferen(«oftherolls. The 
cylinders H H, Fig. 4477, are 28 in. 
diameter with 4 ft stroke. The ex- 
pansion link K, Fig. 4478, shown 
to a larger scale in Fig. 4482, 



is the Btnight link deviMd b; Aleztiiidw Allan, and ii dii*en bj t)u«e «ooantriw and ndi, two at \ 
J JZT^ 1 Ik. _tv.« -~ " to BToid the obliqne thnut mevitabls vitb only two Mcentrio ' 



Tha oonneotlon between the enginei »iid the mill train ia made, ftnt by nwAna of m ordinary 
elutoh (bown at J J in Figi. 4476, 4477, and Mcondly by a friction conplins; dcaigned by 
Bamtbottom, and ihown in position at L L. Thli friction conpling is shown enlarged in Figs. 
4483, 4484. The diio H ii keyed on the drifer-ahaft N, and a smaller dieo is mounted wobbler- 
fMhion OD the mill-ehaft P, and tightly aompreseed between the driveinliao and a looee ring I, 
bolted to tbe drlrer-disc. AaniUai' tegmaats of alder-wood packing ( in. thick are iaterpoeed 
between the diaoi to inoieate the bite, and are plaoed n that the flbree nm radially to the ^laft. 




Thi« frietion ooupling ii capable of tranamitting the whole power of the engiaae in regular work : 
but if from a sudden obatrootion the motion of the roll* ii aneated, the drlier-diao Blip* round the 
follower without moviog it, and no injury is sustained by any part of tbe machinery. In ordinary 
roll trains it haa sometimee happened that the breaking spindle has broken, and that the broken 
end hse acted a* a lever to ahift the engines from their bed ; but by the present arrangement the 
probability of such an ooourreooe is very much diminished, and many stoppages and breaksges are 
avoided. 

The engines are of sach power that there i* no necessity to do more than just start them betbre 
the beat enters the rolls. Thus tbe beay; fly-wheel usnally employed is not required, and. 
ooDsequently the engines are eaeily revereed ; neither is there any expenditure of steam except 
at the time of rolling. For tbe same reaaon tbe wear and tear of machinery and the neoewary 
lubrication are tednced in this mode of driring tlie rolls. Instead of the heavy fly-wheel employed 
in tbe ordinarv arrangement of rolling mills as a reeervoir of power, in which the power 
of the engine u provionsly accumulated ready to be ooncentrat«d npon the work at the time 



thu gTMt adTBDta^ th&t irtiereBs the fl;-wbeel coDtaina onlf r limited rtote of powt 
CDDtmnet dimiiiiahiiig daiinfc the time of application, the boiler sappl; i( ptactiaaUjr s: 
•o Uist the lollinK pover oouUauei oonatent thronghout the time of opemtion. 

Id the rolling oi puddled tlnbe for the bame-pUtea of locomotive eogiaee, vhich are reduced 
8} in. in thickneu at oue heat in the rolls, about twentj-one revenala of the rolla are required. 
Tbeae are effected with great ea«e by the amogement above described, the shook being traoBmltted 
to the elaatio cnahloa of iteum in the cylinders of the enginee. TIjIk handinese alloTS of either 
iron or steel plates being passed Ihrougb both the roughing-down rolls and the flniahing rolls at 
one heat ; and the irork Is thus done with a minimum eipeDditnre of heat and waste of metal. It 
baa been found on trial not at all difflanlt to reTerse the engines together with the whole train of 
iDlls as many as seveuty-three times in one mluate. 

There are two pairs of rolls, one for roughing down and the other for flntahinR. The roughing- 
down rair are 21 m. diameter by 6 ft. length ; they are shown in deration and plan. Flga. 4185, 
MB6: Fig. 44S7 ia an end elevation .and Fig*. 4188, i489, ate tnuuverae sections through the 
hooilng uid through tbe rolls. 



Di these rolls a new deaoription of tightening-down gear ha* been destoned, in iwder to obtain 
greater facility and aecuraey in tightening down the tolls, and to ensure the top roll being at all 
times perfeoUy parallel to the bottom roU. This gear ia shown hi Figs. 4485, 1486, 4489. It 
consists of a vertical wronght-iron shaft Q, carried bj a cast-iron bed-plate and supported at tbo 



ippor end by Hie wrenght-iron standard S, betceen the housingg. and in the centre of the length 
>f Hie rolls. On the top of tlie shaft is keyed a spur-wheel T, which drives the two spnr- 
sheela U U on the vertical holding-dawn acrews of the lop roll B. These iciews work in steel 
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tnib let into the hmuingB, Fig. 4468, and the top be&ring oF the centre shaft Q la alsa a anre- 
Bponding Mtrew workiag in ft bnn nnt, ao that \he centre spur-wheel T liaes and deareiidi 
nmnltaneoiuly with the two onter Bpur-wheehi U U when the gear U la motioD. A vertioil 
hjdranlio mn T, Fis. 44S5, It plaoed in a conTenienI poeition near the rolls ; and a chain, 
shown b; the dotted line, u fastened at one end to the barrel ot the ram. Darned thence 
over the pnlley on the nun-head V, down again to the fixed polle; below, and thence round b 
goide-pnltey Aon the nearer roll boosing to the spiral obain-barrel upon the lower end of the 
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vertical centre ihaft Q. The chain makeB a few toUa mmd the barrel, and the end is Ktstened to 
tbe barrel near tbe top. Another chain is fostraed to the barrel near the bottom, and after a few 
ooiti round Hie barrel qnita it in nearly the same h(»iiontal plane as tlie first chain, and passes off 

— *■ "a side and over a gnide-pnlte; on the farther honsing: a weight W is suspended at 

M chain, heaTy enongh to overhanl {he other chain and slack back the tightening- 



on tbe c^poaite ai 

the eikd of thia c , , 

dawn Moawa of the top roll, when tKe water-prestore ia ahnt off tram the hydraulic ram V 



When % dab bai entered and passed once throngh the rolls, the enginet are rerened, and the , 
water-Tftlre being opened the ram Y rises and hauls in the chain, driving the chain-beriel and 
eauaing the tightening-down screws U U to descend and lower both ends of the top roll aijnut- 
taneonaly to the required eitenL This prooeas is repeated after each pasaoge of the alab throd);h* 
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tiie lolla. When the rolling ia oompleled, the watei: li relwaed from the ram, and the nin taUa, 
tkotm while the oonnterboUnce weieht W on the second obain winds np the tightening-down wnewe 
nd i^m: to tbeir original poeitinn ; and the oEaal coonterlwlanoe appeAitos V, Figs. 1485, 4488. applied t« 

A Fau the top roll R, causes it to rise with the apper cbocha. 

Di) i{i£ The head V of the hydraulio ram. Figs. 4485, 4487, carries an index finger, which bj meaua 

Tied lu^tof graduations on the guides enables the attendant to give with aotmiao; the requisite amount of 

im no: jloweririg oE tbe top roll at each leyorfial, and therebj to reduce each slab with certainty to exactly 

eQdifblthe same thickneas. A^ an additional precaution in rolling a set of slabaall to the same tbiclineB8, 

ft chalk mark U made on one of the spur-wlieeb U, after the final rolling of the first ^b: end at 

'Uie fia&l rolling of each succeseiTe slab of the same set a stoD ia placed in the teeth of the spar- 

jra wheel at this mark, stopping tbe screwing down alwajrs at the tame point, and thus preTenting 

7^ the poodbilit; of a mistake in the flniabed thickness of anv slabs of that set. The total vertic^ 

*\ motion given to tbe roll by the hjdraulio ram is 3} in., while the stroke of the ram is 6 fL 2} in. . 

\~, oonaequentl; the movement of the ram is twentj-one times that of the roll, and the indioalioD by 

1 whioli the tightening of the rolls is meaeuied being thus magnified twenty-one times giyes great 

^ occaracy in the adjustment. 

Bythiflsyi' " "' '"-' 

. iq>iir-whool,th . . . , , 

'■' bility of one end of the roll deaoeuding more than the other. Thns the two roifoces of the slabs 
■■']', tolled are made 
J j perfectly parallel 
/^ to each other, with 
f ; » aniform thiek- 
Q neaa throughout 

' tbe entire width of 
the Blab. 

In tbe finish- 

ins nl's tbe same 

N. tightening - down 

■^^ K^ la employed. 

M Tbeee tolls are of 

VSi **■* i"**" chilled 

\^ on the dmunfer- 

\A\ euoe, 24 in. dik- 

.5-tw mntar by 7 ft. 
- : and they 



di^'iL 



lil from tbe longhmg- 
1«| downtoUi. ABtEe i 
[[If flnisbing raUa ra- 
( qniieomyknutll 
Tertiestl motion, do cxninter- 
beUnoing gear Is applied to the 
. tnp roll 01 in tbe prerions pair, 
' tbe bottom ohooka of the Um roll 
I being topported bv the otdinarv 
I ttansram spring beams paased 
ttirough the honsiugB. 

In order to facilitate the In* 

troiinetion of large slabs into 

the ronghing-down tolls, a set 

of bent levers Z Z, Figs. 1485, 

4489, shown to a larger scale in 

. Fig. 4490, ore attached to a hori- 

soQtal shaft B rmmiog along tbe 

RTOond parallel le the rolls ; and 

by means of a hand-lever H on 

the shaft all these leTers are 

simultaneously brought up nndar 

I tlie slab, nnd by a slight move- 

I nient the slab is then lifted into 

' ; the rolls. Each of the levers Is 

{ attached to the sbolt B by an 

arm and pin jrdnt, so that it con 

" ■- - - ' ' -3 the 



. .„ji the faot that the ttain of rolls driven in this manner is only in motion while tbe beat is 
being paned thnmt^ it Is iMt foond neeeseary to use a stream of water for Inbricating the roll 
^ Hk ' bearings in tbe ordmary manner; bnt all the journals ore truly fitted in the bearings, and aia 
,1 ai lubricated witii oil and talhiw. , ,. , 

J„j. Jfa^i Bifftriintial FncUon-Gtar far Smer,ag Rolliig MiUi.—Tig. 4491 Is an oUvetion of 
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Napler'a f not ion-gear; Fig. 4492 ft teetinn throagh AB; Pi^. 44<)3 a pliin: and Via. 4494 ft. 
■ecttoQ through C I, with the Motloii-Btraps removed. Fig. 4495 ft seir-octing frietioQ-brBkei whieli 
ia-tha basis of the difTerential olntdh. 

In Fig. 4495. 1 is the (Hctiou-wheel, 2 the differoitiftl l«ver, and ODE the fricti<m-«tT»p> 
connected by links to the diife- 

rential lovet : 3 is what ia termed **•*• 1 

B thrust-block, in the eiteiior oon- 
cxiTe part oE vh ich the differentia] 
lever rests, and the hole throogh 
the differential lever for the M- 
oram.pin is slotted ft little on the , 
part farthost from the frictioD- 
wheel, by vrhicb arrongetneat all 
the radial strain which, if there 

wfts nr> thrnst - blook, would bs , 

borne by the falorom-pin, is taken 

off it and transinitted to the frto ' 

tion-wheel, leaving only the tan- 
eential strain to bo home b; the 

iulcrum-pin. The prinoipftl objeet ' 

of the thrust-blooh ia to relieve 
the fulorum-pia of a great port of 
the strain that it woald othenrisa 
have to bear; bat it has the 
seoondary result of inereaaing the 
brake or clutch by abont SO per 
cent., for tho friction of the thrnst- 
block bn the friction - wheel ia 
abont the average between that of 
the two segments O D and D E^ of 
which the friction-Htrap consists. 

Beferring to Figs. 4491 to 44^ 

4194. in which tho fulemm-pin P — f 

of Fig. 4495 becomes theorank-^ V 

or driving Dtn. The onnks 5 are / 

keyed to the shaft, and the apar- 
wheeU 6, to which the friction- 
wheels 1 are ftttaclied, run looee 
on the shafts, and are driven In 
opposite directions by any oonva- 
tnent arrangement. ' 

The friction - straps are alter- 
nately made to grip and release 

their respective friction - wheals \ 

by means of the bell-oianka 7, r' 

worked by the sliding ring 6, 
which is worked by the hand- 
gearing 9 throogh the axle 10^ 
to which are keyed the two 

When the sliLling ring 8 U 

in Ihe middle between the two S 

crunks, both clutches are out of ^ 

gear, and if it ia mnved tawanli * 

one or the other crank, the cor- ^ 

responding clutch is put into gear «j 

by allowing the friction - strap to I 

grip its friotion-wheel, when that Q 

wheel drives its friction-strap, and , 
the strap the cranTc by its crank-pin. Thongh this plan of clntoh may be made self-holding, it ma* 

?C *™ "'".^.''^^ ™ tluwwn into gearwhen going at great speed without the BliahtoBt shock, for ' 
tbe aelf-lkoldmg action doM not come into fall play tiU the friction-atmp and ita reapective friotion- 
wheel have aoquirod the same relative velocity. 

In a rolling mill at the Bulterley Iron-works, in Yorkshire, where the rolla, which are 22 in. I 

diameter, make the rapid speed of forty-Bve revolntiong a minnte, they can be reversed from fnll ' 

speed one way to full speed the opposite way in abont three seonnda withont the BligLteet ahock ; ' 

and amallec machinery making two to three hnndred revolntiona, ia reversed in a fraction of , 
BB^nd from full ipeed one way to full speed the otlier, without the alighteet indication of > 

StevtoKn'i Rtvming Omr.— Figs. 4496 to 4499 are sections of a mlU-ehaft with gear-wheels and , 
"f ■ k L " ftrninged by Allan Stevenson. The shaft, 33. carries two spnr-wheela. .^5 and tie. I 

which, by means of well-known gearing, are continuously driven in opposite directions. The 
wheels, 35 ami 36, are formed witli hollow coniral rims, 37. to frictionally engage with mnvexlj- '. 
coned parts, 38, upon a duplex sliding-pieoe, 39, betwpcn them, and thej are fixed on elongatol 
booeee. iQ, carried on brass bnahea, 41, on the shafl, whilst ooUar-pieoea, 42. are bolted on tho shaft 



Tunning locee to weu the btubea 
coDical will be tbua Bvoided. For 
this purpcee the biuhea, 41, ua 
eloDgateditttheiciiiDSTeDdi 1 Kud 
to admit of tbiji eloDgation, ths 
olatoh - pietw, S9, la made bell- 
ahkped. Tbe coavexly - ooned 
putd, 88, of the olutch-pieoe, 39, 
Bie matla in arparate aegments, 
fixed and adjiutoi by aorew-bolta, 
' n wear t^ing place the; oau 



made u ebown, tritb a rer; acute 
inaliuation to the efaftft, and tbe 
angle abonld in no coae eioeod 
huf a rigbt angle ; for aa a right 
ftngla, that of a ^lain diao, ii ap- 
proached, not only la a much gnater 
preeente inquired to give the re- 
gulate bite, but the action of get- 
ting into conta«t it alao more 
endden and liable to produce in- 
juriout oooaitation. The duplex 
olutoh-pieoc^ 39, is moved to put one ot otber of the 
wheels, 85 or 36, into gear by e. tiwiBverse key, 43, of 
hammered cut-«teel working in a dot out through 
the Bbuft, 33, and fixed in a rod oi: spindle, 44, 
Tbe spindle, 44, ia moved by meana of a eteam or 
hydraulic oylioder, but Stefenaon prefers steam to 
hydiaulio preasure, as the elasiioity of the steam 
tenders the engaging action both more gradual and 
the reversals more speedy. The contact prcesure 
Mquired ia slight, and a vei? small atoun -cylinder 
working through levers, aa in Figs. 4498, 4499, is 
qnitA fnffioient to give the requisite driving grip. 

Sittiag Hai.— Fig. 4500 is a general view; Figs. 
4501, 4502, fide and front views; Figa. 4503, 4504, 

iilan and sectional plan of a slitting mill, used for 
orming roda wbich are square or rectangular in 
eection ; Piga. 4505. 450G, are views of the connect- 
ing spindle. Tbe maobine oonsiBts of a pair of rolls 
having a series of narrow, sharp-edged, parallet ooUais, with the intermediate depressions or 
grooves of tbe same widtb. The oollara and grooves are produced in the lathe, and the former 
work between tbe latter, leaving spaces soiBoient for the tods to paaa through. 

We subjoin, in the following Tables taken (hnn Tmmn, the principol dimenaiinns of auch parts 
of the machinery aa demand special care in their construction ; the; were taken from foigea which 
hod been at work some years. 

DivEKBions or EvonnH Aim UioBiHnr at Pddduno Fobob. 
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DnncNBiONB of Enoirbs and Maohinbkt at Puddlino VoBats-^continued. 



NaoM 

or 

Work!. 



Dowlais, 1 
2 
8 

4 

Hirwain .. 
Forest 






4 

4 

5 

4 

3' 

8 

3 



3 
7 

7 
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102 
128 
102 
96 
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144 
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4 
5 
4 
5 
4 
5 
5' 
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5-2 
4-8 
4-9 
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21 
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21 
17 
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20 
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12 

12 

12 
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15 
16 
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15 
12 
16 
16 
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144 
144 
144 
144 
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144 
144 



42 
83 
42 
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26 
26 
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114 






DnOENBIONS OF ENGINES AND HaOHINEBT AT PODDUNO FOBOU — continued. 



Name 

of 
Work!. 



Dowlais, 1 
2 
8 
4 
» 5 

Hirwain .. 

Forest 
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2 
2 
2 
2 
2 
1 
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58 

68 
61 
71 

• • 

• ■ 



^ 







8 
10 
8 
8 
8 



54 
22 
41 
59 
57 
• • 




46 
48 
216 
94 
22 
87 
48 



8 
8 
8 

4 
2 

• • 



Cylindrical 



91 

n 
n 
n 

m • 




1200 
1184 
1100 
1296 
648 






142 
156 
142 
220 
112 
200 




9-5 
9-5 
100 
140 
80 
90 




22 
28 
50 
62 
75 
7 



Heating or BaUing Famaoe. — The oonTendon of the paddle-bars into the Yarions forms of finished 
iron met with in commerce is effected b^ heating them m furnaces, commonly called balling furnaces, 
Figs. 4507 to 4510— btft perhaps heating furnaces, the name by which they are distinguished in 
some works, is more appropriate— and afterwards rolling them out into bars^ or plates, A such sec- 
tions and dimensions as may be desired. 

The heating furnace is very similar to the puddling furnace ; it has a chimney of like dimensions, 
bat is generally 8 or 9 in. wider and 2 fL longer, for working the larger sizes of iron. The 
area of the fiie-plaoe averages 12 ft The cast-iron bottom is placed 18 or 14 in. below the 
working door, and on it a sand bottom is laid, falling from the door, both towards the back of the 
furnace and towuds the flue. Between tlie body of the furnace and the fire-place a bridge, 9 in. 
thick, is carried up to within 14 in. of the roof; and at the stack end the sand twttom is gradually 
rounded off to meet the floor of the flue. The iron bottom is not indispensable, though generally 
nsed. If the bridge be carried up from the bottom of the ash-pit, the inside space roa^ be filled up 
with any convenient material to a level for the sand bottom. A stock-hole and working door com- 
plete the heating furnace. 

A number of puddle-bars of a suitable length, generally from 8 to 4} ft, are placed together to 
form a pile, the sectional dimension of which varies with the size of iron ordwed, from 8 in. to 
10 in. square. If the piles are made 8 ft 6 in. long and 7 in. wide, by 8 in. high— a common size 
for railway bars and the larger kinds of merdiant iron — the bailer charges fbur at a time for a heat, 
by placing them singly on a flat iron bar, called a peeler^ and sliding them into the fiirnace, taking 
due care not to displace the arrangement of the bars. When charged the four piles will lie nearly 
across the furnace, radiating from the door, the ends towards the beck lying 6 or 8 in. lower than 
those nearest the door. 

Figs. 4511, 4512, are views of piling fables, and Fig. 4513 a rest. 

A little fine coal is thrown around the door, to exclude the cold air, and the damper opened to 
ite widest extent. The grate is cleaned, fresh fuel added, and the fire urged to the production of 
an intense heat After charging, the bailer's chief occupation is watching the piles, and turning 
them so that they may be heated equally, and be brought to a welding heat in the least time. When 
this point is approached, a portion of the iron becomes oxidized, and, combining with the earthy 
matter, it forms a cinder, which flows over the surftM^e of the pile, and protecte it for a brief period 
from the furtlier action of the air. If the operation be prolonged the flow of cinder ceases, and the 
iron suffers from the oxygen of the air, losing its tenacity and property of welding. 

A heat such as we have described wUl be ready in sixty minutes. The piles are then grasped 
by a pair of heavy tongs. Fig. 4514, and dragged on to a carriage. Figs. 4515 to 4517, for conveyance 





^te::^ 



O 



to the roll*. The dnwing out, ebarging a freah he*!, md repfttiing the bottom, will arcrago aii- 
Isen miButoe a heat. Pile* ot thii liie weigh about 4 owt eaoU. At thii raw, a heating turuaoo 
will work thurtv-dx piles in the twelve honn, or 63 tons of iron a week. 

For the unaller lusaa of merchant ban the pilea aie made about IS in. long, 3 in. wide, and 2} to 




m 




3 In. thick. The heat ia oompoeed of nxteen or eighteen pllee, which take ^om twentr-etght to tblrlt 
minutes in reaching a welding heat. The lime oocupied in drawing ont the heat, rechai^ng, and 
repairing, average* twentv-ODe minntea. A fomaee apon ^ea of nioh a Biie working at thu late 
hEAli about SI tons weekly. 

The tmallert aii«e of b«r« are rolled ftom anlid holt* of roannfnetnrod iron, (ermod HSU*, 
menauripg 12 to 20 in. long by !{ to l| in tbeir diameter. Smaller heating fnrnaoea are employed, 
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and from twenty-five to thirty billets are heated at once. To economize time and redace the waste of 
iron, which otherwise woald he very great with the smallest siases, cold billets are charged nearly as 
fast as the hot ones are withdrawn. Furnaces working on billets for gnide iron heat from 15 to 25 
tons a week, according to the size of the finished bar. 

The loss of weight during the heating process is dependent chiefly on the skill of the bailer. 
With care and a fair average quality of iron the loss will not exceed 80 lbs. a ton on the large piles, 
130 lbs. on the smaller sizes, and 210 lbs. on the guide-rolled iron. The yield or consumption of 
puddle-iron to produce one ton of finished iron is ordinarily much greater than this, but having 
accurately weighed the iron before and after heating, we find that perfectly sound bars mny be pro- 
duced with a loss no greater than that we have stated. 

The consumption of coal in heating the Inrge-size piles averages 7 cwt. to the ton of iron 
charged; in the smaller sizes, 10 cwt. ; and in the smallest merchant bars, 13 cwt. 

The formation of the pile, in the arrangement of the pieces, their size, weight, and quality, is 
a subject of much importance in the manufacture of sound bar-iron. The form of the finished bar, 
and the purpose to which it is to be applied, require to be carefully attended to iu the piling, 
together with the local character of the iron about to be employed. 

A rail pile for the common qualities of rails is usually composed of a bottom piece of No. 2 iron 
6 or 7 in. wide by 1 in. thick, on which eighteen or twenty pieces of puddle-iron 3 to 3^ wide by 
4 thick are placed, capped by a second piece of No. 2 iron of the same size as the first. Jf intended for 
nanch rails, square bars of soft iron are added to the plate of No. 2 to form the fiange. The iron for 
these bars is worked for the purpose from a burden containing little or no red ore or refinery cinder. 
Thin and broad fianged rails cannot be worked unless attention is paid in the piling to ensure the 
presence of a very soft tenacious iron in the flange. The greater diameter of the rolls at the body of 
the rail dragging the thin portion through, throws a strain upon the flanges in the finishing grooves 
8u£Bciently great sometimes to tear them off. In heating, also, care is required that the pieces 
to form the flange are not overheated. 

If the rail is large, or the metal uneoually distributed, the process of shaping is frequently com- 
menced in the pile, wnich is made of a diminished width at the head. 

For the double-headed, the brid^, and some other varieties of railway iron, a common pile ia 
made, such a proportion of superior iron being used as the specification requires or -the manufiso- 
turer deems necessary. A portion of the centre is frequently made with pieces of rails cut into 
short lengths for remanufacture. From their irregular section, however, thev da not work in well 
with flat oars ; and to render Uie pile more solid, puddle-bars are xolled of saoh a form as will, when 
combined with the rails, leave the smallest interstices. 

In the manufacture of merchant iron of No. 2, or common quality, the pile is composed entirely 
of puddle-bars laid one on tho other. For larger piles, and where tiie width greatly exceeds the 
height, a double row of bars is employed ; in all cases the pile is rectangular. 

The piles for No. 3 iron are made in the same manner, but with No. 2 iron instead of puddle- 
bars. The superiority of No. 3 to No. 2 is conse<^uently due to the additional reheating and rolling, 
by which the flbre and general quality of some irons are considerably improved. 

In the manufacture of particular varieties, in order to develop the flbre as much as possible, the 
pile is made short and thick, so that in the subsequent great elon^tion b^ rolling the iron may 
become of a dense fibrous character. For this purpose the short thick pile is evidently superior to 
any other form, but in consequence of its requiring a longer time to heat, the outside gets burnt 
before the interior is brought to a welding heat ; the manufactured iron consequently is not equal 
to that produced with a larger pile — it is rarely sound in the centre, and its tensile strength, if 
tested, will be found to have suffered by the overheating of the external parts. 

Ill the manufacture of large bolts, the pile is sometimes made of a number of bars of a wedge- 
like section arranged radially around a central bar, forming a cylinder, kept together by thin iron 
bands. This is heated in tne balling furnace and rolled into a bolt of the desired diameter and 
length. By some mcchimlcal engineers this mode of piling is supposed to ensure a more solid bolt 
than the ordinary rectangular pile of fiat bars. In practice, however, it is found difficult to pro- 
duce a sound bar from a pile of this kind. Since the centre bar can only receive its heat by con- 
duction from the radial bars, it cannot reach a welding heat till long after the outer parts, and the 
pile is generally drawn before the centre has arrived at a proper temperature. *The result is, that 
m passing through the rolls the radial bars are firmly welded to each other at their circumference, 
but very rarely throughout their entire depth ; the central bar is elongated with the rest, but is 
not welded to them. 

In piling, care should be taken to have the various pieces forming the pile of the same thick- 
ness as nearly as may be practicable. If they differ greatly, both the risk of unsoundness and the 
loss of iron during the heating will be increased. The thinnest pieces are hot first, and if the pile 
is drawn at once the weld with the thick bars is rarely sound. On the other hand, if the pile is 
retained in the furnace until the thick pieces are pmpi-rly heated, the thinner are overheated, 
deprived of the protecting cinder, and weld with difficulty. Sufficient attention is seldom paid to 
this point in the manufacture of railway and other bars. 

It has been found that to heat a pile 6 in. thick, composed of two widths and ten thicknesses of 
puddle-iron, 3 in. by | in., in an oidinary baHing furnace, so that the whole was brought to a 
welding heat, re(}uirea on an average fifty-two minutes. It has been further ascertained that to 
heat a pUe of a smgle width of puddle-bars in the same furnace, and exposed to a similar tempera- 
ture, required twenty-seven minutes, and smaller sizes in the same proportion. By these and otiier 
experiments, Truran concluded that the time required for heating a pile or mass of iron was nearly 
in the same ratio as its thickness. Hence the necessity for building the pile of pieces of the same 
thickness. In a smith's fire, the difference iu the thickness of pieces of iron to be welded together 
is allowed for by partially heating the thicker piece before the other is charged, a mode dt 
working inapplicable to the rapid rate of execution practised in rolling mills. 



« kinda of Iron fainted piles Me employed ; tboM u« fonned in different mn, oRon 



K heavy hamnier, and reheated before being roiled. HajomeriDK improves the quality of Mirap-iroti. 

Angle-LrOD, tromplates, and X-iioii are usually rolled from piles liariDg a portion of the puddle- 
bara, or No. 2 iron if for best qoalities, cut into short lengths, and laid across the pile. If for angle- 
iron the top and bottom pieces are laid longitudinally, and the centre of the pile built of layen of 
transverHe and longitudmal bars alternately. The power of the iron to leaiat a lateral strain ia 
increased by oross-piling, and its stracture is rendered mora homogeneous. 

Bars for manufactoTB into tiu plates are required to be of good quality, seldom nnder beat cable ; 
the piles are uanally made as for ordinary bars, but some manu&otnters require them to be built 
with layen of tiars laid onHawise. Plat^-iron wliioh is to be niannfaotared into hollow ware and 
. Birminifham goods, known by the rollers as hIaekpiaU, is oiJed in a similar manner. Large qnaii- 
titiee of tinned iron plates hare been made from rail ends and mill crops, but such plates eannot 
be moulded into the more intricate forms of tinware. 

Boiler-plates, if manufactured of beat iron, were at one time invariably rolled from piles baring 
alternate layers laid crosswise. A cheaper method is exteusivelv adopted . it consists in bammering 
two blooms leather and rolling them direct into a piate. As the blooms are void of flbre, the 
extension in Iioth directioni in rolling reaults in the produotiou of a plate equally strong in either 
direction. T)ie quality, however, ia no lii^her ttian No. 2 iron. For boiler-plate, it is Impnaslble 
to exercise too much care in the seteotioQ of the crude iron, as woll as in the subeequent stages of 
the manuAwture. 

Ehnan'i Seheaiau; Fumaea, FigB. 4918 to 1S22.— fikman's fiirnaoe ia a very useful appliauoe where 
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chamber, bnilt of fire-brick, and enclosed within a jacket of oaat iron, a free space // being 
left between the two. In the wall of thi£ chamber are two rows of tuyeres, the upper con- 
taining four and the lower three. In the iron jacket is a pipe J, through which cold air at 
a pressure of about 1 in. of mercury is introduced into the space //, the blast in its passage 
through this space becoming heated to from 90° to 150° 0. In the iron jacket, opposite the 
tuyeres, are corresponding holes g g, fitted with mo?able plugs. On the top of the gas-chamber 
is fixed a hopper 6, shown separate Fig. 4522, having a sliding bottom c c, through which fuel is 
supplied, and near the bottom of the chamber are two tuyeres e' ^, one on each side. The gas- 
chamber communicates with the bod^ of the furnace at m. In the roof of the furnace, on the right 
of the fire-bridge, is a series of openmgs / /, connected above with an iron box i having an easily 
movable lid, and communicatine: with the free space// bv two iron pipes k k provided with stop- 
cocks. By tills arrangement the air entering uxrough the pipe d passes in part into the interior 
of the gas-chamber and in part into the box t, from which it descends through the openings / /. 
When Sie gas-chambep is filled with igmted fuel, and air is injected through the pipe d, carbonic 
oxide is copiously produced, which in its way towards the fire-bridge m is met by currents of 
heated air from the openings / /, and is thus effectually burnt. The iron is heated in the welding 
chamber included between the fire-bridge m and the opposite bridge n, and is introduced through 
the doors g a. The heat here is intense. When hot blast is used, the flame scarcely extends 
beyond the bridge n, so complete and rapid is the combustion of the gus. Beyond the welding 
chamber is a second chunbi^ o, where the iron is subjected to a preliminary heating before its 
introduction into the former; it has two doors r r at the side, ana a third t at tiie end. In the 
lower part of the neck p any convenient apparatus for heating the blast may be placed. In front 
of the doors g g^rrtae cast-iron plates for convenience of manipulation. The tap-hole through 
which the cinder flows is shown at u. 

With respect to the power absorbed in the different operations of iron manufacturing, in the 
course of experiments having for their object the economical application of power in iron-works, 
Truran ascertained that the amount absorbed in the various operations was nearly as follows; — 




, engine^ 66 horse-power. The horse-power being 

Smelting Carbonaceous Ores,— For compressing the blast to a density of 8 lbs., 22 horse-power to 
100 tons sm^ted weekly, equal to 27 horse-power, including friction and unavoidable loss. 

Befinery,— Vol compressmg the blast to a density of 2} lbs. to the souare inch, for refining forge 
iron in the running-in fire, 13 horse-power for every 100 tons refinea weekly, equal to 16 horse- 
power, including friction and waste. 

Puddlmg Forge. — ^No. 1. For driving a puddling train, consisting of a pair of 18-in. finishing 
rolls, a pair of roughing rolls, a double-enaed squeezer, and two pairs of cropping shears at 55 
revolutions a minute, rolling bcurs 8 in. by f in., puddled from refined metal. Power expended in 
keeping the trains and machinery in motion, 41 horse-power. Additional power, when in full 
work, rolling and squeezing at the rate of 800 tons weekly, representing the mean force exerted in 
shaping the iron, 84 horse-power. Total power absorbed, 75 horse. 

No. 2. For driving puddling train, with rolls and squeezer similar to the above, but running at 
82 revolutions a minute, and rolling bars 8 in. by J in. from boiled pigs. Power absorbed by the 
engine and machinery. 17*5 horse-power. By the roll train running ligbt, 28*5 horse-power. 
Total power absorbed oy engine, machinery, rolls, and squeezer running light, 46 herse-power. 
Additional power absorbed when rolling ana squeezing at the rate of 860 tons weekly, repre- 
senting the force expended in shaping the iron, 67 '5 horse. Total power expended, 118*5 horse- 
power. 

RoUing MilL—'So. 1. For driving rail train, consisting of a pair of 18-in. roughing rolls, a pair 
of finishhi^ rolls, and intermediate pinions worked by a horizontal high-pressure engine, with 
cropping shears, eight straightening presses, and saws in connection — ^the speed of rolls being 85 
revolutions a minute, and rolling "f-rails. rower absorbed in driving engine^ rolls, and all the 
madhineiv light, 71 horse-power. Additional power absorbed when rolling, 168 norse-power. Total 
power driving rail trun, capable of making 600 tons of rails weekly, 239 horse-power. 

No. 2. For driving 18-in. bar train, consisting of a pair of roughing rolls, a pair of finishing 
rolls, and cropping shears. Power absorbed by the engine and mach^ery for three such trains when 
running l^ht, including power absorbed in driving four rail presses and pair of saws, 52 horse- 
power. Power absorbea by each train of rolls when running light, 21 horse-power. Additional 
power absorbed by trains respectively, when rolling IJ-in. bolts, 29*5 hoiBe-power ; when rolling 
l^in. squares. 29*5 horse-power; when rolling 4 in. by 1 in. flats, 102 horse-power. Gross power 
consumed in oriving the three trains and machinery loaded, 276 horse-power. Total power, includ- 
ing engine and machinery, absorbed by train of bar rolls rolling fiats, 149 horse-power. 

No. 8. For driving 12-in. bar mill, a pair of roughing and a pair of finishing rolls, with engine 
and maohinory, at 140 revolutions a minute, light, 26 horse-power. When rolling bolts and 
squares additional, 28 horse-power. 

No. 4. Voe driving 12-in. train, consisting of a pair of roughing and a pair of finishing rolls, 
driven at 110 revolutions a minute by independent engine, rolling flats IJin. by | in., 82 horse- 
power. 

No. 5. For driving a train of 8-in. merchant bar rolls, consisting of three roughing, three ovals, 
and a pair of flnishing rolls, working at the rate of 220 revolutions a minute. Power expended 
in maintaining engine and machinery in motion, 17 horse-power. Power absorbed in running train, 
light, 24 horse-power. Additional power when rolling J-in. flats, 21 horse-power; when rolling 
}-in. flats, 14 horse-power. Gross power expended when rolling |-in. flate, 55 horse-power. 

No. 6. For driving 8-in. train similar to the above, with separate engine and machinery, when 
rolling squares and bolts, 61 horse-power. 
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No. 7. Power absorbed in driving a pair of roil saws, 4 ft. 6 in. diameter, 820 revolutions a 
minute, 11 horae-power. 

See Atomic Weiqhts. Blast Furkacb. Coal-washino Maohins. Distiluko Appabatus, 
page 1219. Foroino, Machinery for. FuRNAOE. Obes, Machinery and Processes employed to Drets, 
OvEN& Ptbombter. Stbah-Hamheb. Steel. Tvtebb. 

Books ikpon Vrtm :— Karsten (G. J.), * Manuel de la M^tallurgie du Fer,' traduit par F. J 
Culmann, 3 vols., 8vo, Paris, 1830. St Ange (W. de), * M^tallique Pratique du Fer,' folio and 
4to. 1835-8. Dufreynoy (M.), • On the Use of Hot Air in the Iron Works of Great Britain,' 8vo, 




of Iron to Railway Structures,' 2 vols., small folio, 1849. * Transactions of the North of England 
Institute of Mining Engineers,* 1852 to 1871. Bauerman (H.), * A Treatise on the Metallurgy of 
Iron and Steel,* 8vo, London, 1856. Rogers (S. B.), *An Elementary Treatise on Iron 
Metallurgy,' 8vo, London, 1858. *The Iron Manufacture of Great Britain,*^ by W. Truran. 4to, 
1862. Percy (Dr. John), 'Metallurgy,* vol. 2; 'Iron and Steel,' 8vo, 1864. Jordan (S.), 

* Album du Cours de Metallurgie professe k I'Soole Gentrale des Arts et Manufactures : Fabrication 
de la Fonte,' 40 plates, folio, 1864-5. Coulthard (H. C). 'Blast Jlngiues,' folio, London. 1867. 
" Iron," from * Watts' Dictionary of Chemistry,' 1868. Crookes and Bohrig, * Metallurgy,' vol. 2 ; 

* Iron,' 8vo, 1869. * Iron, its History, Properties, and Process of Manufacture,' by W. Fairbaim. 
8vo, 1869. Kohn (F.), ' Iron and Steel Manufacture,' folio, 1869. *The Metallurgy of Iron and 
Steel, Theoretical and Practical,' by H. F. Osborne, royal 8vo, Philadelphia, 1869. Sohinz (Q.\ 

* Researches on the Action of the Blast Furnace,' translated by W. H. Muw and M. Miiller, crown 
8vo, 1870. 'A Treatise on Roll Turning for the Manufacture of Iron,' by Peter Tunner, 
translated and adapted by John B. Pearse, text 8vo, plates, folio. New York, 1870. Jullien, 
*Traitd Th^rique et Pratique de la Metallurgie du Fer,^4to and folio, Paris. Valerius (M. B.), 

* Traits de la Fabrication de la Fonte,' 8vo and folio. ' Chemical Phenomena of Iron Smelting/ 
by L Lowthian Bell, 8vo, 1872. ' The Journal of the Iron and Steel Institute,' 8vo, and the 
admirable ' Treatise on Metallurgy,' by F. Overman, published by D. Appleton and Co., New 
York. 

IRON SHIPBUILDING. Fb., Constrtic^tbn dee Naciree en fer; Geb., Kwnst dee Bauee der 
eieemen Schiffe ; Ital., Costrutione delle naoi diferro; Span., Oonetruccion de huques de hierro. 

The extended and. increasing use of iron ships at the present day, after the lapse of about 
forty years since they wero first fairly introduced, renders their construction a subject of impor- 
tance to the engineer, as well as the naval architect ; for the application of iron in place of wood 
to the structure of ships has necessitated a more careful use of tne material employeo, and a more 
correct and perfect application of the mechanical principles that are involved in the oonsiamotion. 
It is not intended in tne present article to describe novelties of construction in iron ships, so much 
as to investigate certain systems that are approved and practised. 

John Vernon, of Liverpool, in a paper on the construction of iron ships in the Trans. I. M. E., 
justly remarks that the main points of soperiority of iron ships over those built of wood 
consist in the superior strength, greater durability, and less cost of iron ships, together with their 
larger carrying capability, greater facility of construction, and the more certain supply of the 
material. 

The greater strength of iron ships is shown in daily practice in numerous ways ; and it is also 
shown by tlie fact that in many modem wood ships it has been found desirable to introduce the 
use of iron for bulkheads, beams and stringers, and even for the framework itself of the whole 
structure. But this armngement it is considered falls very far short in point of strength of a 
vessel built entirely of iron ; and the only ground upon which such a mixed kind of structure can 
be advocated is the freedom from fouling possessed by wood vessels when they aro ooppered. 
which is an advantage existing in the mixed structure on account of the shell portion bemg of 
wood. 

The greater comparative durability of iron for the construction of ships arises mainly from its 
freedom from the decay to which wood is alwavs liable in consequence of its being unavoidably 
subject to constant and extrcme variations of temperature and moisture. Another important 
source of this greater durability is to be found in the firm and substantial union of the several 
parts of an iron ship by means of riveting, which effectually prevents that working under heavy 
strains to which all wood ships are more or less liable. 

The larger carrying capability of the iron ship arises first from the reduced weight of the 
structure, and secondly from the mcreased internal capacity with the same external dimensions 
and model as the wood ship. This is shown by the following figures of comparison of a 1200-ton 
ship of the two constructions. First as to weight. The wood ship with rigging and all outfit 
weighs say 18 cwt. a ton measure, equal to 1080 tons for the whole ship. The iron ship com- 
pleted in a similar way weighs only say 15 cwt. a ton measure, which would be equal to 900 tons 
for the whole ship. Hence the 1200-ton iron ship will carry at the same draught 180 tons additional 
dead weight of cargo; and this will be equal to 11 per cent, addition upon the whole weight of 
1600 tons which is actually carried by a nominal 1200-ton wood ship ; or if no greater weight be 
carried, the iron vessel will float at 18 in. less draught of water. Secondly as to capacity. The 
wood ship has an internal capacity of 98,343 cub. ft., or, at 100 ft. a ton, 933 tons. The iron ship, 
because of the reduced thiclmcss of the sides and bottom of the hull, has a capacity of 1108 tons. 
Hence in regard to capacity the gain of the iron ship is 175 tons, or about 19 per cent, oyer the 
wood ship; and there will consequently be space enough to contain the increased weight of 
11 per cent, which the iron ship is capable of carrying by reason of its lighter hull. 

With respect to the actual strength of an iron ship, its capability of bearing strain, and whether 
the distribution of material is judicious and efficient, considering the strains to which it is 
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BQbjected, the case will be taken of a ship of 1200 tons, as shown in side eleyation, in Figs. 4523, 
4524, the dimenaions of which are 205 ft. length, 84} ft. beam, and 23 ft depth of hold ; and the 



4623. 




4SS4. 




ship i» supposed to be bnilt to class A 1 at Lloyd's for twelve years, or for twenty vears with 
the Liverpool Underwriters' Association. The tmnsverse section of such a ship is shown to a 
larger scale in Fig. 4525, the section of the iron being shown black ; and the sectional area of iron 
is as follows ; — 

8q. iBfl. 

Stringer-plates, tie-platee, and angle-irons on main deck ..A 77 

„ „ „ on lower dedE .. B 55 

Sheerstrakes G 61 

Sides down to top of bilge D 298 

Tom of bUges and flat of bottom E 379 

Garboard s&akes F 59 

ICiddle keelson O 42 

Sister keelsons H 48 

Bilge keelsons I 20 

Lower hold stringers K 41 

Keel-piece L 26 

Total 1101 

In the above seoticmal area the deck planks, amounting to 1770 sq. in., have been ezdnded from 
the calculation, because although aidmg considerably when in compression they, are of very little 
value for tension ; and both cases have to be taken into account. 

Taking first the extreme case of strain upon the vessel when supported only at the ends, and 
allowing 10 ft. length at each end for the support, the ship will be as shown in the diagram, 
Fig. 4523, with a length of 185 ft between the supports ; in this case the bottom of the vessel is 
in tension and the top in compression. The dlBplaoement of such a vessel at her loaded draught 

of 20 ft, is 2708 tons, and this weight is made up as follows ; — 

Toot. 

Iron in hull for 1166 tons measurement, at 10) cwt. a ton .. 612\ „kq 

Woodwork „ „ at 2J cwt. a ton .. 146/ '^ 

Bigging and outfit 108| 

Water and general stores S5>1945 

Weightofoargo 1802) 

Total 2703 



The cargo and other load carried is thus seen to amount to 1945 tons, which load is une(|ually 
distributed over the length of the ship in consequence of the larger capacity in the midships as 
compared with that at the two ends ; and the proportionate distribution as measured from actual 
sections of an existing ship is shown approximately bv the figures marked upon the side elevation. 
Fig. 4523. The length unsupported oeing divided mto six equal portions, the respective cargo 
capacities or loads of these are in the proportions of 11, 20, 23, 23, 22, 14 respectively, proceeding 
from the stem to the bows. The result obtained bv taking the mean effect of these several loads 
at the centre of the vessel is that the strain proauced at the centre by the distributed load 
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amonntB in this case to 74 per cent, of the total load, instead of 50 per cent, or one-half the load as 
would have been the case If the distribution of the load had been uniform throughout the entire 
length. Hence the total distributed load carried being 1945 tons, as ascertained aboye, tiie 

Suivalent centre load will be in this case 74 per cent, of that amount, or 1440 tons ; and the 
ditional weight of the yessel itself, 758 tons, may be considered as eauivalent to a load of one- 
half the amount, or 379 tons at the centre ; making together a total load at the centre of 1819 tons, 
one-half of which, or 909 tons, is acting at each end by tension on the lower part of the vessel, 
with a leverage of 92^ ft., or half the length of the unsupported portion of the vessel. 

As the form in which the material is placed in the sectional area of the ship is necessarily 
determined by the carrying and floating requirements of the ship, and is consequently not free to 
be arranged in the manner that would simply give the greatest strength as a girder, this caee 
does not admit of satisfactory comparison with a wrought-iron box-girder for calculation of the 
transverse strength. It may be convenient consequently to consider the strains on the whole 
sectional area as if acting upon a solid girder composed of the material that exists at each point 
in the depth of the vessel, concentrated into a solid girder of the same sectional area and depth. 
The diagram. Fig. 4526, shows the total sectional area of the vessel drawn to double the scale of 
Fig. 4525 in area, or jp^ of the actual area of section. The metal is here condensed into the 
form of a flanged girder lor comparison of the areas of resistance in the several portions, in order 
to deduce an approximate neutral axis for the whole section ; and the positions of the several 
portions of the girder are made to correspond with the exact positions in the genoral section of 
the vessel itself, Fig. 4525. The sootional areas of iron at the main deck, lower deck, and bottom, 
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are 113, 55, and 493 sq. in. respectively. The top flange of 113 iq. in. azea is made np of the 
main deck plates and angle-irons A of 77 sq. in., and 36 sq. in. of the sheerstrakes G from the top 
M downwaras: the bottom flange is taken to include the entire section of iron in the bottom EE 
of the vessel, from the keel L up to the points O O at turn of bilge on either side, together with 
the flve keelsons G, H H, uid I L The intermediate areas of the sides are 120 so. in. between the 
upper and lower decks, from the sheerstrakes C down to the lower deck N ; ana 820 sq. in. from 
the lower deck N down to the point O, at which the bottom is considered to begin ; the latter area 
bein^r divided into two portions of 158 and 162 sq. in. respectively above and below the neutral 
axis P P. Then these several areas multiplied into their respective vertical distances or leverages 
give the upper dotted line P P as the approximate neutral axis, about which the moments of the 
areas above and below are equal ; tiUdng the total compression resistance of the upper portion as 
I of the tensile resistance of the lower portion, since the ultimate strength a square inch of 
wrought iron to resist compression is | of its strongth for tension. 

In this case the decks being in compression, and the 4 and 3 in. planks of which they are 
oompoeed being flxed tight and solid together, the timber will contribute materially to the strength 
of the ship. Tlie resistance of the pinewood to compression may be taken at 3 tons a square inch : 




the sectional area of the main dedc planking being 960 sq. in., 4 of this, or 120 sq. in., has been 
added in the above calculation to the area of the top flange of the girder in Fig. 4526, as shown 
by the outer lines surrounding the shaded portion, making the total area of the top flange 
233 sq. in. For the lower deck of 810 sq. in. sectional area, \ of this, or 101 sq. in., has similarly 
been added, makine a total area of 156 sq. in. 

The neutral axis P P thus found is situated 9 ft. above the centre line of the bottom' portion, 
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Figs. 4525, 4526; and the strain tending to jprodnce fraotnie at the centre of the Yesael will there- 
fore be 909 tons x 92^ -4- 9 = 9343 tons. Then, assuming this strain to be resisted by all the 
portions in tension in proportion to their lespectiye distances from the neutral axis P, the effectiTe 
area resisting by tension will be 493 sq. in. for the bottom portion, and ^ of 162, or 54 sq. in., for 
the lower sides, since the centre of gravity of the lower sides, from the neutral axis P down to the 
point O in Fig. 4525, is only a little more than cue- third of the way down from the neutral axis P 
to the centre line of the bottom portion, as seen hi Fig. 4525. Hence the total effective area-resisting 
tension is 547 sq. in., on which the above load of 9343 tons gives a strain of 17 tons a square incu 
upon the iron. 

This calculation is on the extreme supposition of the vessel being entirely out of the water, and 
supported only at the two extremities; but practically the vessel, when carrying her cargo, is sup- 
ported from end to end by the water, excepting to the extent that this suppc/rt may be partially 
withdrawn by the waves and other causes, producing an inequality of immersion. It has to bie 
observed that, although the weight of the whole vessel is balanced by its displacement, the extreme 
ends are very much heavier than their own displacements, and consequently a larger weight is left 
unsupported at the ends; and the effect of this imperfect support of the ends of the vessel while 
afloat, inasmuch as it throws a strain of compression on the bottom, will to that extent reduce the 
strain of tension to which the bottom of the vessel is exposed in the case under oonsidenition, when 
she is supported at the ends only. 

Considering the opposite case of the vessel being supported only at the centre, as in Fig. 4524, 
the strains on the vessel wUl then be reversed : the top will be in tension anil the bottom in com- 
pression. In this case the effect of the unequal distribution of the load, taken from the same data 
as before, will be to produce a strain correspondmg to a load at the ends of the vessel amounting to 
only 44 per cent, of the total load, instead of 50 per cent., or one-half, as would have been the case 
if the load had been uniformly distributed throughout the entire length. The total distributed 
load carried being 1945 tons, as before, the equivalent load at the ends will in this case be 44 per 
cent, of that amount, or 856 tons, acting at the two ends ; and the additional weight of the vewel 
itself— 758 tons — being taken, as before, to be equivalent to one-half that amount, or 879 tons at 
the two ends, these make together a total load at the two ends of 1235 tons, one-half of which, or 
617 tons, is acting at each end by tension on the upper part of the vessel, with a leverage of half 
the unsupported length of the vessel, or 92^ ft., as before. 

The neutral axis in this case, found in tne same mnnner as before, but omittine f^m the calcu- 
lation the sectional area of the decks which are now in tension, is shown by the Tower dotted line 
Q Q, Figs. 4525, 4526 ; it is situated at a depth of 16| ft. below the centre of the upper portion, or 
21 in. below the previous neutral axis P, thus dividing afresh the 320 sq. in. area of the lower sides 
from N to O, Fig. 4525, into two portions of 181 and 139 sq. in. respectively above and below the 
neutral axis Q, as seen in Fig. 4526. The strain tending to produce fracture at the centre of the 
vessel will therefore be 617 tons x 92} + 16} = 3512 tona Then the effective area resisting by 
tension, found in the same manner as before, will be 113 sq. in. for the main deck portion, together 
with } of 120, or 90 sq. in., for the top sides between the aecks, | of 55, or 27 sq. in., for the lower 
deck portion, and } of 181, or 45 sq. in., for the sides below tiie lower deck; making a total effective 
area of 275 sq. in. resisting by tension. Hence the strain produced by the above had of 3512 tons 
will be 13 tons a square inch upon the iron. 

It may be observed that, although this is an extreme case, it is by no means imagiiiary as 
regards the strain which a vessel has to boar continually when floating in the water. For the effect 
of the imperfect support of the ends of the vessel while afloat, which was previously referred to, is 
to cause a strain on the transverse area of the midship section similar in action to that caused by the 
vessel being supported in the middle alone, entirely out of the water, and differing only in degree. 

In order to ascertain the comparative strengtii of iron and wood ships under the two extreme 
conditions of strain, the same calculation will now be applied to a wood ship of the first class of the 
eame size — 1200 tons— of which a transverse midship section is shown in Fig. 4527, to the sama 
scale as the section of the iron ship in Fig. 4525. In Fig. 4528 is shown as before, condensed into 
the form of a solid girder, the area of section of the wood ship, drawn to double the scale in area 
of Fig. 4527, or ^^ of the actual area of section. The bottom flange of the girder. Fig. 4528, is 
taken to include all the section of material in the bottom of the vessel, from the keel up to the 
points B B on either side in Fig. 4527. The actual areas of each portion of the section are as 
marked upon the drawing. Fig. 4528, namelv, 1011 and 1074 sq. in. in the main deck and lower 
deck portions respectively, exclusive of the decks themselves ; 764 sq. in. in the sides between the 
upper and lower decks; 1736 sq. in. in the lower sides from the lower deck down to the point B, 
whe'.« the bottom is considered to begin ; and 5216 sq. in. in the bottom. In these areas the ceiling 
or lining of the hold, being constructed of 4-in. planking secured to the frames of the ship, has been 
included as acting effloienUy both in compression and tension. 

When the vessel is supported only at the ends, having the bottom in tension, the main and lower 
decks, of 944 and 920 so. in. area respectively, have to be included in the compression resistance, as 
in the iron ship ; thus the areas of the main and lower deck portions are here mcreased to 1955 and 
1994 sq. in. respectively, as shown by the outer lines surrounding the shaded portion in Fig. 4528. 
The neutral axis in this case is shown by the lower dotted line PP; it is obtained in the same 
manner as before in the iron ship, by multipljring the several portions of the section. Fig. 4528, 
into their respective leverages or vertical distances from the line P P, so as to make the moments 
equal above and below that line; the only difference for the wood ship is that here the ultimata 
resistance of the timber to compression is taken as three-fourths of its resistance to tension. This 
gives the neutral axis P at 6} ft. above the centre line of the bottom flange of the girder in Fig. 
4528, dividing the lower sides into two portions of 1041 and 695 sq. in. respectively above and 
below the neutral axis. 

The weight of the 1200-ton wood vessel without cargo is 18 cwt. a ton measure, or 1080 tona 
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total, as proTiondy stated. Deducting 143 tons for the weight of the rigging, outfit, water, and 
BtDrcMi, the same as in the iron yesael, the weight of the hnll is 937 tons ; half of which, or 468 tons, 
is therefore taken at the eaoiyaleut load at the centre. The internal capacity of the wood ship 
having been already statea to be only 933 tons as compared with 1108 tons capacity of the iron 
ship, we total distrionted load of 1945 tons carried by the iron ship will be reduced in the same 
proportion, amounting to 1638 tons ; and the equivalent centre load being 74 per cent, of the dis- 
tributed load, as before, amounts in this case to 1212 tons. The total centre load is therefore 
1680 tons, or 840 tons at each end of the ship, with a leverage of half the unsupported length of 
the vesael, or 92| ft. 

Hence the steain tending to produce fracture at the centre of the vessel will be 840 tons x 92} 
-I- 6{ = 11511 tons tension upon the portions of the section below the neutral axis, Fig. 4528. The 
effective area resisting this strain is 5216 sq. in. for the bottom portion, and \ of 695, or 174 sq. in., 
for the aides below the neutral axis, since .the centre of jp;ravity of the sides, from the neutral axis 
P down to the point B in Fig. 4527, is only one-fourth of the way down from the neutral axis P to 




the centre line of the bottom portion, as seen in Fig. 4527. The total effective area-resisting ten- 
sion is therefore 5390 sq. in., on which the above load of 11,511 tons produces a strain of 2| tons a 
square inch. 

In the opposite case of the vessel supported only at the centre, the top is in tension, and the 
decks are therefore not included in the resistance. The neutral axis, found as before, is shown by 
the upper dotted line Q Q, Figs. 4527, 4528, which is situated 14 ft. below the centre line of the 
upper portion, Fig. 4228, 6 in. above the previous neutral axis P ; thus dividing afresh the 171^ sq. in. 
area or the lower sides into two portions of 935 and 801 sq. in. respectively above and below the 
neutral axis Q, as in Fi^. 4528. The weight of the hull— 937 tons— is equivalent to half that 
amount, or 468 tons at the two ends ; while the distributed load of 1638 tons in the wood ship is 
equivalent to 44 per cent, of that amount, or 721 tons at the two ends. Hence the total load at the 
two ends is 1189 tons, one-half of which, or 594 tons, is acting at each end by tension on the upper 
part of the vessel, at the leverage of 92| ft. as before. 

The strain tending to produce fracture at the centre of the vessel is therefore 594 tons x 92} 
-I- 14 = 3925 tons tension upon the portions of the section above the neutral axis Q, Fig. 4528. The 
effective area to resist this strain is 1011 sq. in. for the main deck portion, together with f'of 764, 
or 573 sq. in., for tiie top sides between the decks, | of 1074, or 403 sq. in., for the lower deck por- 
tion, and I of 935, or 134 sq. in., for the sides below the lower deck. This gives a total effective 
area of 2121 sq. in. resisting by tension, upon which the above load of 3925 tons produces a strain 
of H ton a square inch. 

Thus if the average tensile strength of all the wood employed in the longitudinal timbers and 
decks of the ship, namely, teak, greenheart, elm, and pine, be taken at 6 tons a square inch in the 
solid material, and the effective strength be taken at one-third of that amount, or 2 tons a square 
inch, in order to allow for the joints, the result obtained is that the greatest possible strain to which 
it could be exposed, namely, in the case of the vessel being supported at the ends only, is 2^ tons 
a squar^inch, or 6 per cent, in excess of the tensile strength of the material ; while in the other 
case of the vessel being supported only at the centre, the strain of 1| ton a squaie inch is 6 per cent 
less than the strength of the material. In the iron ship, if the tensile strength of the material be 
taken at 20 tons a square inch, and the effective strengtn at three-fourths of that amount, or 15 tons 
a square inch, the greatest strain to which it can be exposed, namely, 17 tons a square inch in the 
case of the vessel being supported at the ends, exceeds the strength of the material by 13 per cent. ; 
and in the opposite case or the vessel supported at the centre, the strain of 13 tons a square inoh is 
13 per cent, less than the strength of the material. 
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The general lesqli therefore as regards tlie comparative strength of the iron and wood ships 
appears to be that in the position causing the greatest possible strain in each case, namely, when 
the ship is supported at the ends only, the strength of the material is deficient for resisting the 
strain by about one-eighth in the iron ship uid one-sizteentU in the wood ship ; and in the other 
position of strain, namely, when the ship is supported in the middle, there is an excess of strength 
in the material of about one-eighth in the iron ship and one-sixteenth in the wood ship. 

The iron used in the framework of iron vessels is applied in various forms of section of single 
or compound structure. Those which are frequently employed are shown in the sections, 
Figs. 4529 to 4550. 

For keels, the section shown. Fig. 4529, is in common nse, as seen at h. Fig. 4525. It consists of 
a plain parallel bar about 8} in. deep by 3 in. thick for a 1200-ton ship. This is forged in lengths 
of about 20 ft., and then pieced up oy welds into two or three lengths for the entire ship, having 
scarfed joints of a length of eight times the thickness of the keeC which gives room for as many 
rivets as are required to correspond with the section of the keel. Fig. 4530 is a deep keel of plate- 
iron, made by putting two or more plates side by side, breaking joints in every way. The plates 
are 1 to 1) in. thick and from 8 to 4 fb. deep ; uiey are adopted when a forging of the required 
size would be' too largo and heavy, say for vessels of 2000 tons and upwards ; and where the scarf- 
ing would also be comparatively imperfect This arrangement is specially adopted in order to be 
made to serve as a keelson as welL The floor angle-irons T T have to be turned up at the foot bo 
as to be riveted through and through the keel-plates ; and the floor-plates U U are thus made in two 
pieces, one on each side of the keeL The keelson angle-irons Y V are put on the top of the floor- 
plates and riveted through and through the top edge of the keel-plates. Fig. 4531 is the dished keel, 
specially suited to flat-bottomed vessels, in wnich it forms an excellent trough for drawing off the 
last drop of bilge water. It is made of plates about 1 in. thick, bent or rolled to the required section. 
The trough is made of a shape to suit the circumstances, from 6 to 8 in. wide and 2 to 4 in. deep. 
Fig. 4532 shows an arrangement with a flat plate as a substitute for a keel for flat-bottomed vessels, 
where the draught is limited to the smallest possible amount ; and a water-course is obtained by 
an opening W in the bottom edge of the floor-pliUe U and by cranking up the angle-iron to 
correspond. 
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For keelsons, the section, Fig. 4583. is that required by Lloyd's rules, and is two-thirds the depth 
of the floor-plates. Fig. 4534 shows the box keelson, seen at G, Fig. 4525. which is recommended 
as superior to the preceding, its advantages being the larger section of the top member and the 
lateral stiffness obtained by the box form. Fig. 4535 is what is called the intercostal keelson, seen at 
H H in Fig. 4525, which is of great value in keeping the floor-plates in a vertical position, so as to 
retain their best strength. It consists of short pieces of plate X, introduced between the floor- 
plates U, and riveted with angle-irons Y to each of them ; thus forming a continuous line fore and 
aft, with double angle-irons Z back to back, riveted through the top edge of all the intercostal 
plates. Fig. 4536 shows a box keelson which is also intercostal ; this is made either with double 
intercostal lines of plates X X, as shown in the section, or with a single line, by one side only of 
the keelson being let down between the floor-plates, instead of both sides. 
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Fig*, tan to 4G43 show Beotione of different foniu of stringen. Fig. 45S7 is a gnimle 
ttringer, nioh >a ia uaiully Adopted, as aeen at A in Fig. 4925. Tlie void gnnirale JB emploved to 
deaign&te the group dI iron used along the edge of the uuia daok at the »heentrake G i mid tho 
botiioDtal flat pUte A, FlgB. 4537 to 4C39, ia called the gunwale ttriogu, and the aDg^e-iron B 




the Kimwale anglfr-inm. The sice of the gunwale stringer A U 36 in. wide by f in. tbioh in the 
midahipa for a veeael of 1200 tons. The inner angle-iron D is apeoiallj valnable as forming an 
abntment for the edgee of the deck-planks. Fig. 4538 ia a box form of gunwale, which baa apecial 
■tlflbeaa and aolidity. Fig. 4f^ ahowa a form of gunwale with a vertical Etrioger B, conaiatiiig 
of an inner plate aet up on edge ; the gmore betite«u this stringer and the aheeratrEJie C is mfide 
to receive the wood atanobions F for the bulwurka. and between tbe stanchioDB tbe (sroove ia filled 
np solid with wood. Figs. 4510, 4541, are two forma of stringer apecially suited for lover hold 
•Mugera, or for any poeitlon where they ntnnot have the advantage of being oonneot«d to tbe end 
of deok-beami ; Fig. 4541 is seen in position at K K in Fig. 4925. Fig. 4542 is a box form of 
lower hold atrioger, suited for aimilar poaitiona to Figs. 4940, 4941, but capable of being made of 
tnnoh greater atrength and atl&heaa. 

FiffB. 4543 to 4948 are seotiona of different forma of deok-be*mB.' amongst which may be 
•peoiMly noUoed Fig. 4944, because with this aeotion the laigeet amount of atrength ia obtained 



TTIirr 




with the )e«at weight of material, aince Ilia Iron is in the fom betl suited for bearing • aaper- 
fncumbent weight, and there is no loss of material by lapa of riveted jointa. 

Figs. 4549 to 4552 oieaeotionBofdiffeientfonnBof frame iron. Of those, Fig. 4950 ii commonly 
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lued ,- and it poueMea the adntDUge of the reTersed Bngle-iion, being otmed off at the bilf^M mtob« 

the bottom of the jeaaei, to form the top of the floor-platea. The thiee other aectiona, Figs. 454^ 4551, 

4552, are decidedly better, to far 

aa ttie Bide fi«ineB are concerned, 

but are not so well adapted to 

oombiae in the formation of the 

top of the flooringB. 

The use of iron in the oon- 
■traction of vessela affoidg great 
fecility for obtaioinz the necea- 
sarr strength is keeli, stem 
and stem posts, Borew port 
frames, and other parts, bj the 
introduction of large fo^^inga. 
An illuatratioQ of this is af- 
forded by the stem-port and 
Bcrew port frame of the ' Great 
Uritain,' ehoim in Figs. 4553 to 
4555. 

The jipplication of iron for 
building Teasels is peculiarly 
tulrantafeous in the apecial 
class of screw colliers nith 
hollotr bottoms for carrying 
valer ba1ti<bt. The trafBo in 
which these TBSsela are en- 
gaged does not usually provide 
any return freight, and a great 
commercial adv.iotage is ob- 
tained by this method of water ballaatiDg for the retnm TOyage, which ts aooomplfshed without 
any di^la; and with bat little cost Figs. 455S. 1557. ghow transTerse and longitudiiul Motions of 




an iron screw oollior with water ballast, in which it will be seen that a water-chamber is formed 
by the hollow space of the double bottom O G, and a chamber ts also obtained in each of the 
extreme fore and aft oompart meats H and K, Fig. 4557. Whan the vessel is required to he 
hallaiited, tbe large sea-cocks are opened and wntei is admitted into the hollow bottom G and the 
aft compartment K, so as to &U theae two portions ; and then the water is also admitted into the 
fore compartment H, to such an extent asmay be fouiidnecessary for adjusting the draught of water 
•nd the due immersion of the screw. When the veaset has arrired in port, the steam-pumps are 
set in aotioQ fur pumping out the ballast water : or in a dry harbour at low water the large eea- 
oocks are opened, and then the water is easily and quiokly got rid of within the short time of tha 
OBrgo being taken on board ; and the Teasel is thus got ready for sea again without having experi- 
enced any deUy on account of discharging ballast. Figs. 4556, 4557, represent the iiOD wrew 
steamer Annie Vernon,' which is of 513 tons gross register, and 70 horse-power. The weight of 
wstpr ballast contained in the hollow bottom obamber G Is ISO tons, in the aft compartment K 
20 tons, and in the fore compartment H 30 Ims, making a totalof 170 tonsof watetbellart:and the 
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tmo of eeal or iron ore wliich the v«me\ carries la about 700 loiu. The mean draogbt whan la 
bsUast ia 8 (1., and when full; loaded with cargo 13 ft., aa abown in tbe traDsverae section. Fig. 45S6. 
There ia perhapa no branch of iirm ebipbuilding in which more special advantages are obtained 
ftom the uae of iron than io tbe eoDstructloQ of Uat-boltomed boats fur river navigation. Tbe 
estiemelj amall draught of vater thereb; obtained ia a matter of great difBcQity except by the aae ot 
iron M the material of conatruction. A specimea of veesela of tnia claaa ii ihown in Figa. 45Sf) to 
4Sm, wbioh rapreaent an irtm paddle itenioer, 22S ft. long, 80 It. beaai, mid 7 (t. depth of hold, 







fitted with enginea of 170 horse-power. This ateuner drawa only about 2fX.ct water when lif;bt, 
and can be loaded with onl and cai^ to a depth of 4 ft. ; it maiotaina a ipeed of 14 statute mite* 
an boor when ateaming alone, and 1 1 mile* an hour witli one barse in tow, 200 ft. long and SO ft. 
wide, with 370 lona of cargo on board, having a draught of 4 A. In this oonattuctioii of veaacl two 
longitudinal iron girders 1 1 are introduced, riaing considerably above the level of tbe deck, in 
addition to the aldec of tbe veaMl being raiaed aa girdera to tbe height of the paddle-boiea, aa at 
' J J, Fig. 4558. The girder* II an leqniied in order to obtain the ueeesaary longitudinal strength 
aa a L'iMer for carrying the weight of the enginea and coal, tha hull of the TosBel being totalljr 
Insufficient for this on account of Ita neoeaaary ahallownew and lightneaa. This Tcaael is made 
without a ked. Fig. 1558, and with a spoon bow. Fig. 4959, which la Ibund to be a veiy advan- 
tageous form for facilitating getting the Teasel off the sandb*nka that are so &ecuently met with 
in such riven as the OsngL'S and Indus where these TesMla are worked, in wbicn it ia found im- 
poBsible to avoid at limes going agnnind on tbe sandbanks. 

The mode of riveting adopted in targe first-lass vessels ia minoipaUy what ia termed chain- 
riveting, both in tbe longitudinal and vertical joints; but In addition tbe principal stringer-plates 
in the upper part of the vessel, and the aheenibakea In the midahips, have further tows of rivcta 
with increased lap of the joint-plates, making the joints in these cases treble or quedruple rivetrd. 

The joint* for the plating have now become more perfect than formorly, by the use of the 
planing machine. Tbe odgea of the plates for the butt-joints are planed perfectly straight and 
amooth, and they are tbns brought into aocurata contact with each other, aa aa to form a Uue and 
duae joints whioh could not previously be attained by aliearing and the too oommon praollco of 
hammering up the edgea of-the plate*. All neceuiity for undue calking and the use ot lining 
strips ia thua avoided, and the beat strength of the material la Imparted to tho ship. The quality 
of iron employed for ahipbnilding should in all cases be equal to a lenaile strength of at least 20 
loDs the sqoaie inoh, and a direct and babitunl systMn of testing should be oonatantly carried ouL 

We are indebted to Thomas BniUi, hU.NjL, of Dublin, for the following pmoLical inatruotiona 
in iron ahipbnilding; — 

SefU.—lTi boring keel-baia, be particular to have the top row of rivet-hole* marked no lower 
down than ia neoeaaary to make a good and olose fit of the garboard straks at the top row of holes, 
and oo DO aoconnt woken the ked-bar by having tbe lower row of holea bored too low down ; at 
the same time care must be taken to have a distance .„, 

3ual to tbe diameter of rivets between tbe lower edge ' 
upper row and upper edge of bottom row ; a dlBlaoce \ o..jf«-^>« o O O O f 
oftwo diameters between the centre lines of the top (_ q q igCOLfi O O t 
and bottom rows. Fig. 4361. In making off the holes, \ > 

attention should be paid to having them properly 

divided ; that ia to say, having the upper rivet exactly between the two loww rivets. Hake the 
leuKth of aearh of keel-bais at least ten times the thickness of keel-bar. Lloyd's Bnlas give onlj 
eight times, but (hi* ia too little to make a substantial oonneotlon. 
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Before commencing to drill the searfs, have tlicra drawn perfectly close, and see that the ends 
are brought together, and are a good fit. 

It IB not necessary to drill more than three holes in scarfs for stitching, and these should be on 
top part, so as not to weaken the keel-bar more than necessary. 

The upper side of scarf sliould be calked before the frames are laid across keel, and the under 
side after the keel-plates are riveted. 

The butts of the garboard stroke must be spaced so as to be well dear of the butts of keel-bar; 
say at least 30 in. when practicable, and with care this distance can genemlly be given. 

Have the position of all frames marked on the keel with a centre punch before any of the 
frames are laid across ; this will save a deal of unnecessary tnmble. 

See that the keel-bars are properly shored, straightened on top edge, and eot quite fair previous 
to laying any frames over them. Attention must also be paid to fairing the keel fore and aft by a 
line, after tlie fromes are up in place, before commencing to fit any of the garboard stroke on. In 
Fig. 4562, a is the keel ; 6, cap-piece of oak ; c, gluts or wedges ; d, redpiue ; «, rudpine ; /, redpine ; 

gy slabs. ^ 

It is important to keep the keel a reasonable height from the ground, so as to allow room for 
the workmen to get under the vessel's bottom witliout being too much confined ; otherwise they 
cannot make good work of the riveting and calking. In settling this point, bear in mind that if 
the vessel has a flat floor the blocks must be laid higher. 

Let the keel-blocks bo spaced about 7 ft. 6 in. apart, and have a double block between, say 
every second and third block alternately. This will allow for shifting any blocks that may be 
necessary to get at the work without fear of the vessel settling down. Have the three or four last 
blocks laid on fore and aft logs, as the vessel will be certain to sink at afte: end, if anywhere. 

Fi^. 4562 shows height and dimension for keel-blocks, suitable for vessels of the usual run. 

It is well to have the keel riveted as soon as possi- 
bio, to prevent dirt or any rubbish getting down between ''* 

the keel and garboard stroke. g ^ 

Flat'plnte Keels,— li for a vessel building to class at , ^ JB , ■ . 

Lloyd's, the breadth and thickness must be as follows ;— ^ r;*^ "i ^ . 

In vessels of 500 tons and under, 2 ft. wide ; from 500 
to 1000 tons, 2 ft. 6 in. wide; 1000 tons and upwards, 
3 ft. wide. The thickness of plates in all cases to be not 
less than one and a half times the thickness of the gar- 
board stroke. 

It is desiroble in flat-plate keels that the butts of 
the garboard stroke shoula be clear of the butts of keel- 
plutes at least two spaces of frames on both the port and 
starboard sides; and for this reason the keel-plates 
should be made in such lengths as will suit this ; also 
see that theJbutts of the keel-plates aro fair between two 
frames, as this is necessary to facilitate the putting on of ' lB^;;j * 
the butt-strops. ff 

In all cases it is recommended to treble-rivet the butts 
of keel-plate, making the butt-strops as wide as can be got in between the flange of the frome 
angle-irons and heel-pieces on next frame. 

Stem-posts and Stern-frames, — ^In a screw bteamer, rare must be taken in boring any holes about 
the boss that may be required, and this should be done previous to putting the frame up in place. 
Blark off the lead of these holes so that they may be bored in the proper direction, and thereby 
have a proper divide on the inside of the boss. 

Particular attention should be paid to taking out any twist that may be in the stem-frame 
when it comes from the forge, and oe careful to see that the bosses on both outer and inner post 
lead fair fore and aft. 

In the upper portion of stem-posts it is only necessary to have one row of rivets for the radder- 
trank. Some builden and inspectora prefer to put two rows, but it is onl^ waste of time doing so. 

In the riveting of bosses, it is absolutelv necessary to have the counteremk bored out a sufficient 
depth, so that when the engineera have done boring and fitting in the stem-tube, there will be 
plenty of countersink left to hold the rivets secure. 

In putting in the boss-rivets it is a good plan to cool them at the points, so that the heads may 
thereby be well tightened up. 

Bear in mind that it will save trouble, and make better workmanship, if you arrange the plating 
so that a strake will cover the boss. 

Make tlio scarf of your stem-post always on the port side, and do not have the length of the 
knee or keel portion to exceed 10 ft. 6 in., as that length is about as great as can be conveniently 
taken on ordinary trocks, if the post has to come by railway txom the forge. 

Sterna. — ^The mould for bending the stem too should be made off the mside line of stem, and if 
it is not turned before the scarfs of keel-ban are cut and finished, it is well to measure the total 
length of the keel on the blocks, and contract or increase the length of the stem-bar, as the case 
may require, to make up the exact length. Do not drill any holes in stem until it is turned to 
shape, and be careful to nave the scarf on the right side to agree with forward length of keel-bar. 

In forging stem-ban, have the fore side shaped to a flat half-round, and see that there is no 
twu)t in the bar. 

Budder-frames, — Should you make the rudder forcing in scantling, according to Lloyd's, bear 
in mind that if for a spar-deck ship, or vessel with full pnop and forecastle, the diameter of the 
radder-head must be in accordance with the dimension given for the gross tonnage, and not the 
tonnage under main deck. 
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Attention fihould bo paid to having the rudder-pintles all in a fair line. Have a steel washer 
for the pintle at heel of rudder lo work on. It is always the best plan to make the rudder to 
unship, and the space for unshipping at each pintle should be about 1 in. deeper than the length 
of the pintle. 

In a screw vessel attention should be paid to keeping the pintles clear of the b.^acket on the 
after-post for outside shaft bearing. 

In rudder forging for vessels of from 200 to 500 tons, have a stay across centre of rudder from 
rudder-post to bow ; and in vessels over that tonnage, two stays ; width of stays about 8) in. 
The stays may either be made with the forging or of cast iron fitted in. The space between the 
plates of rudder should be filled in with either wood or Portland cement. Thickness of rudder- 
plates need in no case exceed } in.; and it makes the most substantial work to have the 
rudder-plates snap-riveted. 

Hudder-bands.—Ftiy particular attention to see that the centre of pintles are correctly set off 
before boring same, by striking a line up centres, to see if these are in a line, and that the back is 
straight and fair; this applies also to the stem-post. See that the rudder-trunk is made of 
sufficient size to allow the rudder-stock to be got up easily, say from 8 to 9 in. internal diameter 
for a 4 to 5 in. rudder-post ; other diameters to be in like proportion. Attention should be paid to 
having the rudder-trunk and angle-iron binding the foot of trunli to outside platmg a good fit, and 
the bottom carefully calked. 

Mudder^iopi, — ^The proper anglu fur a rudder io travel is 42 degrees on each side of centre line 
of ship, and the stoppers should be made to suit this. Be particular to have the stops made 
strong enough and well secured to stem-post. The rudder working easily is a matter of great 
importance, and requires particular attention in the lining-off and putting in place. 

AngU'iron Frames. — Previous to putting any work on the bars, have them examined to see that 
there are no cracks or blemishes, as angle-bars are constantly sent from the iron-works without 
care being taken to see if they are sound. 

In punching the frames, see that the holes are properly divided^ and as an example, for 
double-riveted Taps with }-in rivets, have the top hole 4| in. from upper edge of lap, or 6} in. 
from centre of lap. and the lower hole 3} in. from lower edge of lap, or 6 in from centre of lap, on 
plate mark on tbo mould on board. Fig. 4563 shows the proper spacing of rivets for double- 
riveted laps with }-in. rivets, a, is the uame ; 6, rivets to be as close to frame ss head of rivet 
will permit; ccc^ chain -riveting at butts to have the holes punched opposite each other; ddy butt- 
straps to be fitted as close as possible between laps of outside strakes. 

In single laps have a hole punched 5| in. each side of centre of lap, the lap being 2} in. 
Divide the spacing of holes for rivets between one lap of pUittes and the next, as near to eight 
times the diameter of the rivet as you possibly can arrange. 
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In frames that run up to form sides of poop, forecastle, or bridge, have those with no beam on, 
cut off low enough to allow the lug-pieces for securing stringer-plate to shell to run from beam to 
beam, as Fig. 4564, where aaa is the poop-deck stringer-plate; 66, lug; cc^ beam-knees, 
ddd^ frames ; 0e, this hole to be made after the plating is on. A hole should be punched in head 
of the frames that are cut short for lug-pieces passing, about 8 in. down ; but it is best not to put 
this in until the vessel is framed and faired. 

In frames that step on the knee of stern-post or stem, do not n^lect to have them out to the 
proper thickness to allow the plating to come on. 

The heel of frames bearing on keel should be carefully cut and finished, so as to butt close 
together, and the bearance not to be greater in width than the thickness of keel, otherwise a 
proper job will not be made of the garboard strakc. 

The inside flange of angle-iron frame should be punched so as to suit size of the reverse 
frame, and care should be taken to see that the holes are so punched as to take the centre of 
flange of reverse frame. 

It is necessary to see that the heel-pieces are quite fair with under side of frames, and that 
they bear true on the keel. One or two holes only should be punched in the frames, for the 
beaim-knee, prior to putting up the frames. 

Length of beam-knee is measured square off, and the holes should be divided round the 
sweep, the centre of lower hole placed about 2 in. from lower edge of knee, Fig. 4565, in which 
a is the reverse iron; 6, hole punched to fake reverse bar on bmmj cd, measurement at right 
angles to top of beam— not obliquely. Do not have the upoor hole in head of fhune for upper 
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riyet in beam-knee punched nntU the frames of veaaeld are all fiured and abeexed, aa in , 

the beam requirea to be lifted or lowered, it spoila the hole, and as this xivet poasea through 

the angle-iron on beam it is neoesEary the 

hole should be true to make good ^orlL 46ss. i^v 

The same rule appliea to the bottom hole v^ 

in beam-knee, as it looks yery unworkman- 
like to see a blind hole there. 

The double frames at the bidkheads 
should be punched for riyets 4 in. centre 
to centre, and should be chipped at both 
edges previous to hoisting up in place, 
otherwise diffloultj will be found in mak- 
ing a tight job of the calking. ^ 

If the yessel has a sheerstrake with jump joints, see that the holes punched in frames aie 
dear of the lap of both the inside and outside sheerstrake. 

Reverse Frames. — The frames with no beams on to haye the reyerse bars running up to main- 
deck height, and these to butt in centre of floor, having heel-pieces of angle-iron on opposite side 
of floor-top, of sufficient size to form top flange for keelson fitstenings. 

Short reverse frames to run up to upper turn of bilge ; but if there is a spirketting plate on 
'tween-deck stringer, then the short reverse frames shoiUd run up to top of said plate. 

Butts of the short reverse frames should be about 4 ft each side of centre-line, alternately on 
the starboard and port side; but should these butts come in the way of boiler or other keelsons, 
the distance must be altered to suit. 

Holes should not be punched in reverse frames in way of floor-ends, unless there is a clear 
space of f of an inch from outside of rivet-hole to lower edge of reverse frame, as in Fig. 4966, 
where a is the reverse bar ; 6, floor ; 
c, frame ; at d rivet this flush, and 
let reverse bar lie over it. 

The reverse frames across the 
floor-tops at ends of vessel will re- 
quire to be bevelled to suit the rise 
of floors and make a fair seat for 
tho centre keelson. These bevels 
can best be taken when the vessel 
is ribanded and shored up. 

See that the butts of the reverse frames are quite close and fair to each other. Aceunoy of 
the workmanship adds greatly to the strength in all parts of an iron vessel. 

The reverse frames must flt well over the floor-ends, and see that the floor-ends are thinned 
down to suit this. 

The double reverse frame on floor-top should be neatly fitted on. Get a straight-edge, to 
see that it is frtir, and attend to having all the Eoarfing or lug-pieces rii^ted close to floor- 
plates. 

Anyle^irons (m Beams. — The holes must be punched to suit width of deck-planks; the centre 
should be marked on the beam, and have two template battens made for mftrTHng |^e holes for 
punching in the angle-irons, so that they are 
equally spaced and divided. The holes for 
the fore-and-aft tie-plates and stringer-plates 
should also be set on on these battens and the 
holes marked and punched accordingly. Holes 
for tie-plates and stringer must be punched to 
suit the diameter of rivets intended to be used, 
and those for the deck-plank to suit size of deck 
screws or bolts. 

Holes should not be punched nearer to beam- 
ends on top flange of angle-iron on beam than 
about 6 or 7 in., in case the^ should not come 
fair with the stringer angle-iron holes. These 
holes are best drilled through top flange of 
beam angle-iron, after the stringer is put on, 
the holes being previously punched m the 
stringer-plate. 

One angle-iron only on beam to run out to 
beam-end, and to take a rivet through angle- 
iron on beam-knee and frame. Fig. 4567. a is 
the reverse bar on beam; 66, frame; c, beam; 
ddd, rivets for stringer-plate, 6 in. or 7 in. 
apart : see, ditto for deck-plank twice the width 
of plank ; f. stringer-plate. 

The holes for riveting stringer-plate to angle-iron on beams should be about eight times the 
diameter of tho rivets apart 

See that the angle-irons on beams are properly levelled at each end, so as tc give a true seat on 
which to rivet the stringer-plates. 

Fioor.piates.—Floon should be twice the height above keel at floor-ends that they are at 
centre-lme, and should be parallel to base-line athwartships, as far as practicable. Floor-phitea 
at ends to be thf width of inside flange of angle-iron frames. 




IRON SmPBUILDINa. 



2186 



See that the floo^ends are neatly thinned down, so that the reyene firamea fit over fair and cloee. 

Floor-platefl shonld be sheered } in. lead than the shape of frames. 

The floor-ends where they have been thinned down for reverse frames should be chipped flush 
with the frame, both inside and out, previous to keelson or shell plating going on. 

Limber-holes should be cut so ad to clear fzames, heel-pieces, lug-pieces for keelsons, inter- 
oostals, and so on. 

At the extreme ends of vessel, the floor-plates should be increased in depth to say twice the 
depth of floors amidships, or until they measure say 2 fk. across the top, from outside to outside 
of frame. 

Floor-plate for the transom-frame should be put on the depth of the knuckle, so that the stem 
timbers are snflQciently secured. 

Maifirdeck Stringer, — ^In the case of an inside sheerstrake going up onlv to under side of main- 
deck stringer-plate, the holes in said stringer for the angle-iron bar will require punching the 
thickness of the inside sheerstrake nearer the outer edge of stringer-plate, so as to catch the 
centre of the btf. Fig. 4568. a, reverse bar ; 6, beam ; c, inside sheetstnJce ; d, outside sheerstrake. 

Should the inside sheerstrake not run up above the main^leck stringer-plate, see that the 
stringer projects over the frames the full thickness of the inside sheerstrake. 

Attention should be paid to punching the holes in stringer-plate for the angle-iron bsr, to see 
that they are not punoheid with the same die as is used for the outside plating, no Inore counter- 
sink being require than is sufficient to keep the punch from choking, and the stringer-plates 
should be well sheered to form of side of vessel, or a bad bearing will be left for the gunwale 
angle-iron bars. 

It is advisable to have the stringer-plates riveted to the beams, also the butt-straps riveted as 
Boon as possible, and see that the butts come well clear of butts of sheerstrake. 

Previous to commencing with main-deck stringer, see that the heads of frames and reverse 
frames are not higher than the beams. 

Have all holes for the diagonal tie-plates in main-deck stringer-plates punched before putting 
in place. It is well in all oasea to have the butts of main-deck stringers trebleKshain riveted. 




^ lyBem-deck Stringer.—'HAYe all beams in and riveted before commencing to put in 'tween-deck 
stringers. 

In vessels where the alternate reverse frames do not Tun up to height of hold-beams, see that 
holes are not punched in the vertical flange of stringer angle-iron, unless it is intended to rivet a 
lug-piece on the ftame, for fastening the stringer angle-iron to the frames with no reverse bejr 
running to that height. 

In the after-peaJce, where there is a considerable flare in the sides of vessel, it is advisable to 
use a bar of larger dimeusions for the stringer angle-iron, so as to get a good hole in the bar, not 
too near the edge, and thereby weaken it considerably. In Fig. 4569, a is reverse bar ; 6, beam ; 
c, frame ; dy stringer-plate ; «, rivet must not be too near edge of angle-iron, nor too far down in 
its bosom. 

PootHUck Stringer, — In putting on poop and forecastle deck stringers, have the stringer-plate 
sheered to come out to the out- 
side edge of frames ; so that - ^^^ 
when the forecastle or poop 
plating ^oes on it will butt up 
against it. 

Holes should be punched in 
edge of centre stringer-plate aft 
for fastening plate, for taking 
rudder-trunk, and flzing stuffing 
box round rudder-head to. 

Wash-phies. — Do not put 
wash-plates between bulkheads 
and floor-plate on adjoining 
frames, so as to allow the water 
to get freely to tiie pumps. 

Fitting-in wash-plates between floors may be done as shown in Fig. 4570 ; but if they are 
required to serve as intercostal keelsons, four angle-irona at each floor will be necessary, and they 
must be made to flt dose on. 
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Silgt-bttiont, fc.—la piitting on the lug-pieoet for keelBonB, aee that thej are qnita (air with 
the edge of iiiBlde flange oF angle-iroo frame, nnil the foie-and-Afi flaugu of rererse frame. 

The lug-piecet should Bt cJobe a^inal tiia frame aagle-imti, sad be well riveted thereto. 

In keelaooe formed of two aiigle-irooa with a bulb-iroa between, allow between the Bngle-iroiia 
a ) [a. extra, beyoud (he IhickDeas of the bull>-iroD, io markiog off the boles for riieta in loTeraa 
flames aod log-piecea so far aa the bult)-iroD eitenda. 

The lug-pieces for three rramea forward and aft of the flntah of balb-iron between anelaa 
should not be punched, but drilled to Nuit a tapered alip neati; fltled between the two keehKHi 
angle-bars. 

The butta of angle-iron bara of keelionB ahonld be ao Bhilled as to be at least two apacea of 
frames clear of butu of other keelsons, and as (ar as practicable clear of bntts of outu'de plating. 

If tbe angle-iroDS for keetsoos ate 1 in. or mon, the holea for riTets sbonld be punched each 
aide of the centre-line. Fig 4571. a, in some easeo, 5". 

Atbwactship flanges of bilge-keelsoa angle-ircoiB in way of breaethooka should not be riveted 
till the breastbook-pJate is in. 

Bee that tbe breosOiooks are got in as aoon aa possible, and that Ibey are well fltted and 
aecorelf riveted in place. A man-bole should be cut in breaathooks where ueceaaair. 

Bbonld the breastbooka or pointers aft in a screw veael not be high enough above the stem- 
tube. Ihey should not be rivtted until tbe boas for shaft is bored a£d flnisued, on aooount of 
leaving room for men fastening bolta, and ao on. 

Have tbe position of bilge-keelsons carefullj marked off en fisjnea, and me that the; are 
sheered fair. 

It is advisable to keep the bilge-keelsooi dear of ribbons as tu as pombles in oaae the lug- 
pieces or reverse frames want any aettulg up. 



between the bilge-keelson angle-irons aud top of centre keelson, Fig. 4572, where aa show bilge- 
keelsonsi 6, breasthook ; c,oeQlre keelson; ij, frame i >,floorj /, garboard ttrake ; jt, keel. This 
makea a good flniah aud a very secure faelening. 
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Si(lU«iu£i>-8Be that the bnlkhead-fyames an all ebipped fair on edpM, prior to patting up in 
place, so that the bulkhead plates can be properly calked nnder toe uelf-plates, stnngers, 

Tbe bulkbead-platea should ba calked outside between the framea, aa well aa both sides 
inside, and round the edges of the giavit -plates, for keelEOCS passing through, aee that the gravit- 
plates are a good fit andneatly put on. The plates for gravits should be ^ in. tbickar than tho 
bnlkhead-plalea 

The beam angle-bars should be rat short on bulkheads, so that they He in the bosom of the 
, bar, Elg. 4573, and the angle-irons forming the beam on bulkhead shoiud be not less than 3 in. 
deep, so that a good rivet mav be got in through the head of the vertical angle-iron bar. a. Pig. 
497S, is the side frame ; b, holee to be left blinc^ and riveted after thd rwt of bulkhead ; e e, bulk- 
head-plates : d d, slip to be set to curve of beam, and to equal angle-iron in depth ; « «, tbe Terltcal 
flangea of these bats not to be leas than S ft. to get a good rivet in head of vertical bar ; ///, holea 
to suit deck-plaoke. The vertical bars should have a hole for a rivet punched through both side 
founea and should be neatly joggled tbr it at fooL The same applies to both the reverse angle- 
irons nn the top edgo. Fig. 4574. a, beam's reverse bar : ft, slip ; c, bulkhead-plate ; d, vertical 
bar, to he properly joggled over ; *, side frames : /, vertical bar. 

In plating bulkAeads, attention should be paid to see that the first plate is at right angles 
with the keel : also tee that the reverse angles forming tbe beam are not sagged down in oentn 
or standing too high at centre or ends. 
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The fore and after peake bulkheads abould be plated in the Teaael, after the firamea are foired, 
not from the mould, or board, in case the frames may not be the proper fit ftt the bottom. This 
applies more especially to Tessels with flat-plate keels. 

Attention should be paid to the fitting and punohing of the graTit-plates, to see that the holes 
are sufficiently dose and regular, and that the platee are not made larger than necessary ; as, if 
so, they cannot be calked tight It is also adyisable to have a rivet as close as practicable to the 
hole for keelsoii-bars passing through the bulkhead, Fig. 4575. a in this figure Wiratfig the 
position of b^er-keelsons in engine-room. 

4576. 
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Inside SheerstrakeB.—'Th^ butts of inside sheerstrake should be donble-riveted thiough inside 
sheerstrake and butt-strap ; the row of rivets next butt of plate to be riveted fiush before the 
outside sheerstrake is put on, Fig. 4576. aa^ these two rows, tlirough inside and outside sheer- 
strakes and butt-strap, and so on ; 66, these two rows through inside sheerstrake, and butt-straps, 
and riveted flush, before outside plate is put on. 

If there is only one frame between the butts of outside and inside sheerstrake, see that the 
plates are butted fair in the centre, between frames. Same rule applies to the outside sheerstrake, 
80 that there is a full frame space of shift between the butts of outside and inside dxeerstrakes. 

The holes for rivets in the gunwale angle-iron bars should not be punched with the same die 
as used for outside plating, on account of giving too much countersink. 

In inside or oroinary sheerstrakes attention should be paid to seeing that the holes for the 
vertical flange of gunwale angle-irons are punched the proper height, so uat the holes may be fair 
in the centre of bur. 

(hUaide Sheerstrakes. — ^In outside sheerstrakes, make sure that the gunwale angle-iron ban on 
the top edge of sheerstrake are properly faired all fore and aft, as also the top eage of the sheer- 
strake itself. If possible, it is well that tlie gunwale anele-bar should be not leas than 4 in. by 
4 ia, as this width will give a better chance of making all fair holes. 

Beams, — ^The beam-mould should be made the full breadth of the vessel, so that the total 
length of beam can be taken off and the correct bevel taken at both sides. The mould should be 
made the full depth of the beam-kneea. 

Have the bottom hole for rivet m the beam-knee punched, so as to allow 1} in. of iron from 
the under side of rivet to bottom of knee. 

/'oop-6eaiiu.— Have the poop-beams put up and bolted to the frames, but do not have them 
riveted until after the stringer«plates and tie-plates are all faired and riveted. This should be 
specially attended to, as it frequently occurs that if the beams are riveted first the knees get 
twisted, and set the beams up or down, as the case may be, making bad and unfidr work of Uie 
stringer and tie plates. 

To keep the poop-beams the proper spacing^ it is a good plan to have a long plank, say in 
scantling, about 8 in. by 3 in. or 2} in., and have marked off on this plank the spacing of the 
beams, cutting out a noteb for each beam; and when the beams are put up, let them go into the 
notches, and have the plank shored up from main deck. By attending to this, yon wul have all 
your b^ms equal distant and to one curve, which will add considerably to the appearance of the 
cabin oeilmg, and so on. 

Frammg of Matches^ ^-c. — In making hatches, put in the fore and aft angle-iron bars first ; have 
them made a good and neat fit ; see that they are straight fore and aft, and then put in the bulb- 
iion or plate for fore-and-aft carlings; seeing this is also a good fit 

An angle-iron bar, about 5 in. by 5 in. by } in., out in lengths to suit, and fitted in the comers 
of the hatches, makes a much better finish than to knee the bulb-iron or bend the plate>kiiee. 

The beams that form the fore-and-aft ends of hatchways should have reverse angle-irons, not 
less than 8 in. deep, so that the holes in plate-knees may be 
punched to allow | of an inch of iron from top of rivet-hole 
to top of knee-plate, Fig. 4577. In the figure, a is the beam ; 
6, reverse bar on beam ; c, fore and after; (f, plate-knee, in 
oomer of hatch, inside; e, this rivet to be not less than | 
from edge. 

Outside Pfo<ifi^.— Attention should be paid to having the 
butU of the garboard strake clear of the scarfs in keel, and that the bntts of the garboard platea 
should have three frames between them from the starboard to the port side throughout, Fig. 4578. 
aa, the butts of these go a frame farther forward on starboard side (see//); 66, the butts of these 
do the same (see eee); ccy butts (see //) ; d cf, gnrboard-strake butts (see tf « e). 

In order to have the butts of the outside plating a clear two spaces from the bulkheads, have 
the plates that oome in wake of bulkheads a space of frames more in length than the average length 
of plating. 
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Have the sides of plates, with the maker's stamp on, pnt to the outside of ship, so that the 
surveyor may see it, on account of tbe daaailication. 

In the butts of bilge strakes, if the bilge is at all quick, the edges of the plates should be sheered 
with a slight curve. 

In plating vessels, attention should be paid not to put too much weight of plating on the top 
sides until the garboard bilge and bottom is all plated and riveted. 

The holes for rivets in the lower edge of double riveting should be punched as near as possible 
to the edge of frame, Fig. 4579, and spaced, say, for a 3-in. flange and {-in. rivets, not more than 
8 ih. pitoii. a a are the Srames ; 6 6, rivets next frames to be as shown. 
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Uave the inside strokes stitched at the butt-straps and frames, say about six rivets in each butt- 
strap and two in each frame, before putting on the outside strakes. 

The filling-plates at tbe bidkheads at back of shell-plates should be at least the width of 
the fore-and-aft flange of the frame angle-iron longer than two spaces of frames, in the fore- 
and-aft peake bulkheads the flUing-plates will be about 3 in. longer on account of the set and 
bend. 

In the plating round the knuckle of stem, see that the plates are kept up to the sheer-marks, 
and on no account have them below, and allow a dear 1 J in. from top of rivet-hole to the edge of 
plate. 

In taking off the dimensions to order plates for going round the stem, supposing them to be of 
average size, an allowance of about 5 Id. should be mode beyond what the plate measures in the 
depth of the stem. In Fig. 4580, a ia the centre of plate; 66, mouldings; ccc, development of 
plate, showing allowance. 

In marking the rivet-holes for sheerstrakes aft, attention should be paid to hoving the holes for 
connecting the stringer-plate to the shell of the vessel high enough up for the rivet-hole to come in 
the centre of the flange of the angle-iron, Fig. 4581. a, see that this rivet is not too low in bosom 
of angle-inm* 



IBBIOATION. 



2189 




In the plating of topgallant foreoastlea, the plate that is eat for the knlghtheads ahonld project, 
Bay, about 3 in. beyond the knighthead bulkhead, and the rivets through the bulkhead should be 
flush on the forward side. The projeo- 

tion is to allow for bolting on the knee- ^*^' 

brackets, and so on. 

Fig. 4582 is a sketch showing a 
good arrangemeut of rivets in frames, 
heel-pieoee, and butt-straps of garboard 
atrake. 

Books upon Iron ShipbuUdnig .*•— 
Taylerson (R.) <0n Building Iron 
Ships,' 870, 1854. Russell (J. Scott), 
' The Modem System of Naval Archi- 
tecture,' 3 vols., folio, 1865. Fairbaim 
(W.), * Treatise on Iron Shipbuilding,' 
8vo, 1865. Freminville (A.), * Traits 
Pratique de Ck)nstruction Navale,' royal 
8vo, and plates in folio, Paris, 1865. 
Rankine (Professor), * Shipbuilding — 
Theoretical and Practical folio, 1866. 
Li^signol (E.), 'Naviresen Fer it Voiles,' 
royal 8vo, Paris, 1866. Grantham (J.), 
'Iron Shipbuilding, with Practiced 
Illustrations,' 12mo, with plates in 4to, 
1868. Reed (E. J.X ' Shipbuilding in 
Iron and Steel,' 8vo, 1869. Smith 
(T.), • Handbook of Iron Shipbuilding.' 
12mo^ 1869. ' Transactions of the Insti- 
tution of Naval Architects,' edited by 
E. J. Reed, 4to, 1860 to 1872. ' Lloyd^s 
Rules for Building Ships,' 4to, 1872. 

IRRIGATION. Fb., Irrigation; 
Gbb., Berteaelung-BeuMsserung f Ital., 
Irrigazione; Span. Biego, 

Irrigation is either natural or arti- 
ficiaL The former depends upon rain, 
upon wells, and upon the fl(K)ding of 
rivers. The latter is conducted by 
means of canals and tanks. 

Canals are divided into two great 
classes, those of irri^tion and navi- 

Sfttion. The conditions required to 
evelop one of the former clsss success- 
fully are, that it should be carried at 
as high a level as possible, so as to 
have sufiScient fall to irrigate the land, 
for a considerable distance on both 
sides of it; and that it should be a 
running stream so as to be fed by continuous supplies of water from the parent river, to compensate 
for that consumed in irrigating the lands. 

The conditions of the latter are, on the contrary, that it should be a still-water canal, so that 
navigation may be equally easy in 'both directions ; and as no water is consumed except by 
evaporation or absorption, and at points of transfer from a higher to a lower level, the required 

J[uantity of fresh supply is comparatively small, and it is thus most economically constructed at a 
ow level. An irrigation canal, however, may and should be laid out so as to serve for navigation 
as well ; the velocity of the stream being made aa gentle as is consistent with its primary uses, so 
as to afford facilities for boats ascending against it as easily as possible. 

There may be said to be two distinct systems of canal irrigation pursued at present in the 
north and south of India, which may be called the Bengal and Madras systems, respectively. 
The difference between the two arises from the physical peculiarities of each country. 

The Madras system has been confined to the Deltas of the great rivers, such as the Godavery 
and Kistnah, and consists in throwing a dam across the bed of the river to raise the surface level 
of the water, which is then conducted along canals, whose mouths are in rear of the dam, to the 
lands requiring it. This system is not applicable to lands at a high level above the surface of 
the river, as it would be impossible to raise the water sufficiently to overflow them. It is 
therefore confined to alluTial tracts, which have been formed by deposits from riven in a Etate of 
flood. 

Nearly all great rivers are thus charged with silt during the rains. In the upper part of 
their course, where the natural fall of the country is great, and the velocity of the stream high* 
this silt is carried forward by the water holding it in suspexise, and the action of the stream 
Is generally erosive, and tends to lower the bed ; but as the river reaches the plains below, the 
velocity gradually diminishes, and at last falls below that necessary to carry on the silt, which 
thus becomes deposited. The effect of this is to rais« their beds and cause them to be conbtantly 
shifting thair course, and also to raise the ground on both sides of their banks often for a consider- 
able width by suooeasiTe deposits of silt when they overflow their banks. Thus, such rivers will 
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not mn in the lowest lines of the valleys, as in oidinary eases, but there will often be a oonsider- 
able fall from their banks Outwards. It is evident this gives great facilities for snch irrigation 
works as are above described. 

But in the rivers of Northern India, although there is a certain width of land on each side 
which has been formed as above, yet it is, in general, a very narrow strip. The greater portion 
consists of a high table land occupying nearly the whole extent of the country between the two 
rivers, and, in general, rising very abruptly from the land on each side. It is impossible to 
irrigate this high land by a short cut from the river ; the depth of digging would be too great, and 
the water would never stand at a sufficiently high level to be brought on to the land except by 
expensive apparatus for raising it. It is necessary to go back to a point high up in the river's 
course, whence the water can be brought on to the hi^h land by excavation of a moderate depth, 
and by which sufficient command of level may be obtained to overflow the surface. 

' The simplest kinds of canals used in India are known as inundation canals. Cuts are made 
from the river inland, for a certain distance, and are then carried in a direction generally parallel 
to the fall of the country, or the course of the river. By these, when the latter is in flood, the 
autumn crop is watered. But in the cold season, when the water is low, the levels do not admit 
of the land being irrigated, and the spring crop thus derives no benefit from these canals, which 
have then run dry as the river is low. During that time of year labourers are employed to clear 
the canal beds of the silt which was left by the waters in the summer ; in India often as much as 
6 ft. in depth will accumulate at the mouth in one season. The irrigation is usually carried on 
l^ means of branch canals leading from the main one, whence the water ia carried by minor 
chanuels on to the fields. But sometimes, when the levels do not admit of surface irrigation, the 
water is raised from the canal itself by the Persian wheel, or a temporary dam is placed across 
the channel to raise the level. 

The weirs in use for canals in the river Ebro are usually from 6 to 9 ft. high, and are veiy 
primitively constructed, beina^ formed of rough blocks of stone thrown loosely together. Often as 
much as 50 per cent, of all the water coming down the river filters through them, and the expense 
of keeping them in order is very great, for in times of flood they always get damaged. In the small 
Bpanisb rivers the weirs are of small height ; they are formed by driving two rows of piles or strong 
stekes from 3 to 4 ft apart, and filling the space between them with sods, brushwood, and stones 
from the bed of the river : and, den>ite their temporary nature, they resist with great tenacity the 
floods which come down with considerable velocity in these rapid streams. 

On the river Ganges weirs of a simple character are adopted which answer their purpose well. 
The work is carried on by means of a barge attached to a strong hawser, stretched across the river, 
and firmly fixed at both ends.. On this barge a derrick and windlass is fitted up, and by these the 
materials are lowered into position. Triangular frames formed of poles about 18 ft. long, firmly; 
spiked together, are placed vertically, with the apex down-stream, about 15 ft. apart. Tne poles 
Iving on the bed of the river are crossed by rough poles and boulder-stones thrown upon them ; by 
these thev are kept in place. Again poles are spiked across the upper part of the frames, and the 
whole filled with boulders. The water is thus dammed back, though a great deal escapes, and 
the difference of level between the water on the upper and the lower sides of the weir is about 8 ft. ; 
the depth of water being about 12 ft. above the weir, and 9 ft. below it. At a short distance lower 
down a similar weir is erected. 

There are no works at the head to control the supply of water, for the course of the river is so 
uncertain, that it may completely desert the head, and the water may have to be brought in by a 
new mouth excavatea for that season, which, again, may be.useless in the next, or the bank of the 
river may be cut away to such an extent as to involve the head works in its fall. Under any 
circumstance, there is always a considerable deposit of silt at the head, which would naturally to 
increased by anything in the shape of a dam. 

The silt excavated from the bed during the cold season is usually heaped up close to the edge 
in rough spoil banks, and is constantly falling in, while the tortuous course of the channel also 
causes large deposits of silt at the bends. The accumulation is still further increased by the 
water having no exit at the tail of the canal, which usually terminates in a series of small 
channels in the middle of the district. The laiwur of clearance thus becomes a heavy annual 
charge or drawback on the benefits received from the water, and the numerous deserted channels 
in various parts of the country show that without such labour these canals would soon silt up and 
become useless. 

Canais of Permanent Supply, — The source is generally a river carrying a perennial stream, and 
the head of the canal must be located high up on the river's course, go as to obtain plenty of 
command of level, and get on to the high grouna without much heavy digging ; generally for this 
purpose it ia necessary to go either to the spot at which trhe river finally leaves the hills, or to a 
point not far below that spot. At this point the water, except in freshets, is pure and free from 
silt, the great enemy of canals, and the course of the river is restricted within narrow limits, so 
that by dams thrown across the river bed, the water can be easily diverted into the new channel. 
The quantity of water required is determined partly by the area of land to be irrigated, and 
partly by the quantity of water that can be obtainea from the river when at its lowe&t 

It is evident that the effective work of a cubic foot of water discharged from the canal, for 
irrigating the land, must depend upon variable data, such as the nature of the soil, and the crop, 
the distanco the water has to be carried on to the land from the main channel, the humidity of the 
atmosphere, &c 

The average assumed for drawing out the projects for the Baree Doab and Ganges canals, 
derived from data afforded by the Jumna canals, was, that each cubic foot a second of discharge 
was capable of actually irrigating 218 acres ; and reckoning that for each acre actually watered 
there would be two other acres either lying fallow or being watered fh)m wells or rain, then each 
eabio foot would represent 654 acres (say one square mile) of culturable land more or less dependent 
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on tho oanaL In the Soane Canal project (1861) Colonel Diokens reckoned three-foarths of a eabio 
foot of water a second for every square mile of gross area. 

If the canal is to be a navi^bie one, a certain minimum depth must be assumed eTerywhere, so 
that tho amount of water required for that minimum must be allowed over and above the quantity 
to be expended on irrigation. 

- A large area of the land through which the canal takes its course may be unfit for cultivation. 
The soil may be bad or swampv. or it may be reserved for forest or grass preserves, or occupied by 
towns or cantonments. All this has to be taken into consideration in fixing the area actually 
available for irrigation, whence the amount of water required must be determined. 

The proportion of depth to width on the Western Jumna Canal, being that which the stream 
has in course of years formed for itself, was found by a series of trials to be about 1 in 13. On the 
Baree Doab Ganul, the proportion fixed in construction was 1 in 15 ; for the Sutlej Conal, 1 in 14. 
It is evident, if the canal is to be navigable, that the minimum of width must always be sufficient 
to allow of two boats passing each other, while a minimum of depth, usually 2| ft, must also be 
allowed to float the boeits. 

The side slopes of the canal channel will be arranged generally, according to facilities for 
excavation, for unless the slopes are made very flat, or are turfed at a great expense, the action 
of the water will in ordinary soil quickly cut them to the shape at whioh they will ultimately 
stand firm. 

Having determined the (quantity of water, and fixed the proportion of depth to width, and a 
minimum for both, chiefly with reference to navigation facilities, thero remains to be determined 
the slope of the bed. If this slope is too great, the bed of the canal will be torn up, and the foun- 
dations of all bridges and other works will be endangered. Besides which, the difficulties of 
navigation against the stream will be largely increased. If, on the oUier hand, it is too small, a 
larger section of channel will be required to discharge a given quantity of wat^, and many addi- 
tional works, such as falls or locks, will be required ; there will also be danger of silt being deposited 
in the bed. or of the stream being choked by the growth of aquatic plants. 

It is thereforo necessary to avoid both extromes; but it is not always easy to do so, and in 

Seneral a compromise has to be made. ICoreover, as the velocity increases very rapidly with the 
epth, it is evident that a slope of bed whioh might be a verv proper one for water of a certain 
depth, would be too great if it were necessary to increase that deptii so as to throw an extra supply 
into the canaL 

The minimum velocity required to prevent the deposit of silt or the growth of aquatic plants is 
about 1) ft a second, so that if a minimum of depth be fixed, we can find the minimum of slope 
necessary to secure any given discharge. Under ordinary oiroumstanoes this may be fixed at 6 in. 
a mile, tliough it is occasionally even lower than that 

The maximum is not, however, so easily fixed. It must in the first place vary with the nature 
of the soil of tlie bed. A stony bed will stand a velocity of 8 ft a second, while sand will be dis- 
turbed bv a velocity of 6 in. Again, the maximum velocity at which a boat can be navigated 
against the current at a profit is evidently a very intricate problem, depending on such varying data 
as the moving power employed, whether steam, animals, or men, the description of boa^ value of 
the cargo, and so on. In some experiments made on we Ganges Canal it was found that at a 
velocity of 8*76 ft a second the water just ceased to cut away the bcmk, and slightly deposited silt 
With the ordinary soil of the plains, and taking everything into consideration, 8 ft a second may 
be taken in India as a safe maximum velocity for these canals. 

The upper part of the Baree Doab Canal has a full of 4*2 ft. a mile over a bed of shingle and 
clay, but navigation at that point was not required. 

The Ganges Canal starts with a fall of 2 ft a mile, which soon diminishes to 1 '25 ft., and this 
latter may be said to be its ruling gradient. With a aepth of water not exceeding 5 ft, this gives 
a very manageable velocity both as regards the safety of the works and the navigation down 
stream. For up-stream navigation it would be advantageous to reduce it. But when 6, 7, or 8 ft 
of water are thrown into this canal, the velocity due to the above fall is doubtless too high. 

In the Sutlej Canal project Captain Oofton fixed upon 2} ft. as his minimum depth of water 
at full supply, and arranged his declivities of bed so that the calculated mean velocity of current 
should in no case much exceed 8 ft. a second. 

For the Soane canals, the velocity has also been fixed at about 8 ft. a second (two miles an hourX 
the side slopes being 1} to 1, and a bottom width equal to the depth plus one, squared, in feet 

From the above considerations, therefore, we can determine the section of the canal channel by 
the help of proper formulas. See Canal. 

The section of the water-channel and slope of the bed being determined, it is evident that the 
surface of the water may either be within sou, that is, below the natural surface of the ground, or 
above soil, when it will have to be retained by artificial embanlonents. If not merely the surface 
level, but the whole body of water ia above soil, the embankments must be very massive, and maj 
require to be puddled to render them wnter-tight In the great Solani embanlonent the water la 
retained within a solid masonry revetment on each side backed up by an earthen bank averaging 
16 ft. high and 40 ft. thick. 

Although the water being thus raised above soil greatly increases the facility of irrigation by 
its command of level, the construction of such embankments involves great expense, and if any 
breach occurs, the damage done will be very great 

The most favourable conditions are when me canal water is partly within and partly above soil, 

that the earth excavated from the channel just suffices to build up the banlo, while there is 
sufficient command of level for all irrigating purposes ; and the nearer this can be approximated 
to, the more perfect will the canal be. 

For sanitary reasons it may be desirable to keep the water, as a general rule, within soil ; but 
the efiect of this wUl be to increase greatly the cost of the canal ; and if, as is often the case. 



% nnd; itntnm underlie* the niperflclBl day, it ii very 1 
DiDCh water may thus be wuted b; leakage and abaorptlf 



nndeeinible to dig down to the ronsar, aa 

— . , = . ion- 

Alignment o/lhe Canal. — Tbe Blepi to be taken in flxing the line of the projected canal, and in 
marking it out when (pproted of, are aimilar to thoae aeacribed in the Brliele on Boads. The 
gradients hare to be duly eoneidered in both caaei, thoneh much more carefully in the former. 
The reqnirementa of the different towns and Tillagei. which, in the case of ■ rood, have to be con- 
sidered with referenoe to trafflo, will hare chiefly to be viewed in regard to irrigation, and aecimd- 
■iUt only for trafflo in the case of a mnal. 



Iwtbar-^ 

If no good map of the country exist, one mast be made. The next step will be to gel a seriea 
of erot»4L'otionB of the oountry to be irrigated, from river to river, by means of line* of levels, from 
one to five mile* apart, and having a direction at right angles to the watershed or supposed water- 
shed ; theae are oonnected by lines carried along the rifer bank*. The country being thus covered 
vrith a network of levels all rednoed to the same datuia line, and marked down on the map, the 
geneml line of waterahed along which it is desirable as far as possible to carry the canal will at 
ODoe be evident. Thin line, cutting the cross-sections neurly at right angles, should tben be care- 
fully levelled aa a trial line, aa well as any other alternative line that may present itselfi and on 
this the general project will be based. The actual oonstruction of the lino will be BJmilar to that 
of a road, but the eurves must be made aa flat as possible and vary carefully ronnded, or the action 
of the water will cut away the banks on one aide and cause a deposit of silt on the other. 

The ontting* are Uid out and toada like road cuttings, bnt the embankntents must be different, 
M they have to retain within them a large body of water. Their thicknees mnst therefore be very 
great on both sides of the water channel, and tbey vary in me«n width from 30 to 100 ft., aocording 
to the depth of water. If leakage oocura, they must have a wall of puddle, or be otherwise rendered 
water-tight. 



The poiata at which Imuiohes ibonld be taken oflTfrom the main line, as well as the general 
«aar«e oi these bnmobea, will be fixed ttma a doe considertitiou of the levels of the conntiy and 
the eitent of onltnmble land requiring irrigation. If the main canal has been carried on or close 
to the watershed or baok- 

bona of the district, then *"^ 

the branohea ahonld be 
lined out aa far as poe- 
aible on the minor ridge* 
which lie on both side* 
of the main tidge. the 
object in every case being 
to keep a snOloient com- 
mand of level for surface 
Irrigation. There is a 
further reasoa for carry- 
ing the canal channels 
OD watersheds wherever 
possible, namely, to 
ensnre tbe minimum of 
interFerenoe with the 
country drainage, and to 
enaore an effloient BOonr 
at the tail of the cbanneL 
The siia of the branch 
channels and slope of 
their beds will Im depen- 
dent on the same prin- ,,g, 
ciplas as those already 
noted in the case of the 
main line, and tbe same 
remarh applies to the 
village water - oouisea 
which are led off from 
the main aod branch , 
lines, and boat which it 
i* now the most approved 
practice to deliver the 
water for the actual irri- 
gation, ita further em- 
ployment being left to 
the cultivators. 

Bridges of communication aro required wherever roods eroes the canal, and for tbe general oon- 
vemsnoe of the country. On the Gauge* OanaJ they were detigned at abont every three mile*, and 




It hen in the vidnity of luge villsgea are oroTided with ghitt or stepa for ooojealeuoa of bathing. 
Care ihonld be taken to pioTide siitflcieiit headwn; under the archea w openings for laden boata to 
paaa cauily when the Cftaal baa ita fuU avipptj. On the Soane oanala 13 ft are eJlowed for tbii pur- 
piue; and it is also deaintble that the obelmction to the stream pieaeuted b; the piers should be aa 
■mall aa poaaible. For this reason it will generally be advisable to widen the oanal slightly at 
these points, £0 as to aJlow » full water-way for the streain through the bridge. Otherwise expen- 
sive preoautioos have to be taken to secnre the foondstiona ; and the inersaaed Telooitj under the 
arobes will render navigation dangerous or at least difflaulL 

A tow-path should be prorided on at least one side of the eanal at a oonstant level of 1 to 2 ft. 
above tbe water smfaoe. It may be from 12 to IS ft. wide in earthen section, and not less than 6 ft, 
nnder bridges ; tlie tow-paths sbonld be carried under the side arches of bridgea, in no case through 



the abutments or wing-walls, the latter arrangemeot being an obstacle to free navigation. 

A road is also desirable on one side of tbe canal for convenienoe of inspection. It may be 20 ft. 
[id planted with trees. Tree plantations ore also general along the canals of the N.W. pro- 
No trees sbpnld, however, be allowed within 30 ft. of the water's edge, as tbeir proximity 



vride and planted with trees. Tree plantations ore also general along the canals of the 
viuoea. No trees sbpnld, however, be allowed with' '■ -■■ ... ... 

interferes with the stability of the embankments. 

Stations for the engineers and overseers employed on tbe line are also provided at intervals, and 
are geueiaJly fixed at the sites of the most important works. 

iailj. Rapid!, and ZocjIi.— So long as the slope given to the bed of the canal is tbe same as the 
natunkl fall of the country through which the oansi ia excavated, the level of its bed will remain at 
a uniform depth below the snrfaoe of the ground. But although this can generally be managed in 
flat plains, throughout the greater portion of their leogtli, yet in the upper portion of the canal tlie 
slope of tbe ground is very mnoh greater than that woieh it would be proper to give to the canal 
bed, and peculiar artangementa have to be made to oompensate for this diflerence of slope. Figa. 
45S3, 1564, illustrate the northern division of the Gongee Canal. The section. Fig. 45S4, will show 
how this exeeaa of fall has to be overcoine, by laying out tbe canal bed in a series of ste^ so as to 
keep it at a tolerably uniform level below the surface of tbe oonntry, until the flat conntcy u reached, 
where tbe slope ia the same as that proper for the canal. 

The point* where the bed is let down fitim a higher to a lower step Me called iiiO*. Their 
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loeation Should be Dear Uie placsB whsra the oanol bed, if oontinned withont a break, nonld iara 
to be ouried in embankment abare the nufaoe of the country ; their exact position is geueiall; 
tnade to coincide with the leqniiemeotB of a bridge oi some other maaonrj work. 

It ia evident that the fall miut be of wme more durable materinl than earth to rerist the action 
</ the water tonibUng dom the beieht of the step, and masonry ia therefore employed. The bed 
of the canal has also to be proteolea b; a n»aBonry flooring from the plunging aolion of the water, 
and the banks most be revetted for a conaidenLble diBtance below. The exact shape of the fall 
itself is a point OD whiob there is much difference of opinion. Ogee falls, Figs, 4585, 458G, were 
employed b; Sir P. Gantley. on the Ganges Caual, with the idea of delivering the water at the foot 
of the fall as qnietly as ponible. On the Baiee Doab Canal, vertical falls, FIkb. 4587 to 4589, are 
\ the water being leoaived at the bottom into a cistern snnk below the level of the flooring. 



the shook, instead of opposing a dead i«dstanoe to 
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which thiu foroiB an elaatio ooshion to 
its force; while the aooele- 
lated velooitj of the falling 
water in a forward direction 
is also checked. The action 
of the water is still further 
lessoned by making it play 
over a wooden grating, by 
which it ie divided into a 
nnmber of filaments or 
threads, en the nme prinoiple 

watering pot. 

The very dangerous soonr- 

ing and cnttiog aotioa of a 

large bod^ of water (klling 

over a height of even a few 

feet, mnst be seen to be fully 

appreciated. The greater the 

height of the falls and the 

depth of water, the mare 

violent, of oonne, will be the 

action ; those on the Ganges 

Ouial are not higher than 

8 fl. ; bnt with 6 ft. or more of 

water guing over, the action is 

nuMt severe and nothing bat 

the very beet maaonry is 

capable of resisting it. If 

stone can be obtainad, it 

should always beused: ifno^ 

none bat the hardest brioks 

most be employed, laid in an 

tinyielding foaadatim with 

flne mortar joints; the banks 

mnst be revetted with masonry 

for a Donsiderable distaooe 

down stream, and the bed of 

the oanal protected by a solid 

masonry flooriaz, the tail of 

which is defended hv a row 

of sheet pUing. The foil 

should be divided into distinct 

ohambere, which eon be laid dry, one by one, foi- the sake of repairs, without stopping the canaL 

On the Ganges Oaual the masonry flooring is continned to the end of the chamber, b^ond which 

orib-work of dry boulders u emplimd as for as the end of the revetment walls. 

The effect of a fall oocurring at the end of a canal reach. Is to increaae the *elodty and diminish 
the depth of the water Ibr a considerable diataiioe above the foil. This inorease and diminntion 
are gradual from the point where this action Dommenees down to the foil itself where thej attain 
a maximum, so that the depth of water passing over the fall is very mnoh less, as the velocity is 
very much greater, than the Dormal depth and velocity above. This increase of velocily before the 
water reaohes the fall produces a dangerons soonr on the bed and banks of the cansl ; and in order 
to gnard ag.iinst this, it has been found naesaary to head up the water at the blls on the Ganges 
Oanal by means of sleepers dropped in the grooves of tfae piers. It has also boen propcsed to narrow 
the falls, so as to produce the same etbet Bfther of these ways is probably cheaper, thongh less 
effective, than protecting the beds and bunks of the cansl chuinel Dy artificial means a enfficient 
distance abovo the foil; bnt vidiont thus raising thecreet of the folL tliispmtection would have tn 
be extended for something like a mile above in ^iler to bo efficient. 

The violent action of the water at the foot of the fell, having a momentum due not only to its 
vertical height, but also to the depth nfnatec going ovcrit, can only be guarded against by employing 
the best and hardest materials available to receive tlje shock of the water, and by the efflcfeucy iH 
th« tail revetments. 

I action ot a large b 
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of all precautions, that many methods have heen devised for aooomplishing the neoessary change of 
level in other ways. 

Rapids, Figs. 4590 to 4592, have been employed with snocess on the Baree Doab Canal ; the fall 
is laid ont on a long slope, 15 to 1, instead of by a single drop ; the slope being payed with boulders, 
laid without cement, 
and confined by 
walls of masonry in 
cement, at intervalB 
of 40 ft both longi- 
tudinally and across ^ 
stream. The longer m!ri!iiiiiifBmM| 
the slope the more 
gentle iB, of course, 
the action of the 
water, but the 
greater also is the 
quantity of masonry 
employed. In gene- 
ral, the choice be- 
tween the two is a 
mere question of ex- 
pense and material 
available. On the 
above - mentioned 
canal rapids were 
adopted wherever 
boulders were pro- 
curable at moderate 
ooet. 

Bapids and falls 
interfere with navi- 
gation, and where 
this must be unin- 
terrupted a system 




4691. 
•.ONGITUOINAL CEQTION 




4592. 



TAANSVERSe SiCTtON. 




of barrage or of lockg must be provided. 

ffeadworkSf Dams, and Begulators. — The works 
at the head consist essentially of a dam across the 
river, by which the water is held up and checked 
in its onward flow, and a regulator across the 
head of the canal channel by which the proper 
quantity of water is admitted. 

In most cases the canal is taken out of a branch of the main river, and the permanent dam is 
thrown across the branch only, the water being diverted from the main stream into the branch by 
temporary dams constructed of boulders, whiim are swept away on the rise of the river, and are 
annually replaced. 

Dams are either made solid, when they are called weirs, or they may be provided with openings. 

The advantage of the weir is that it is self-acting, requiring no establisnment to work it, and if 
properly made ought to cost little for repair. It is also a stronger construction, better able to 
withstsnd shocks uom floating timbers ana other obstructions. Its disadvantages are that its first 
cost is generally greater, and that it causes a great accumulation of silt above it, and interferes far 
more than an open dam with the normal reg^en of river. It is possible that in certain cases this 
might result in forcing the whole or part of the river water to seek another channel, and the 
possibility of this should always be taken into account; but if the river has no other channel down 
which it could force its way, the accumulation of material above the weir would be an advantage 
rather than otherwise, as adding to its strength. The advantage claimed for the open dam ia 
that the interference with the normal action of the river is reduced to a minimum, the strong scour 
obtained by opening ifcs Rates effectually preventing any accumulation of silt above ; its first cost 
too is generally smaller than that of a weir. 

A dam consists of a series of piers at regular intervals apart, on a masoniy flooring carried right 
across and flui^ with the river bed, protected from erosive action by curtain walls of masonry up 
and down stream. 

The piers are grooved for the reception of sleepers or stout planks, bv lowering or raising which 
the wat^ passing down the river is kept under control. The intervals between tne piers are gene- 
rally 10 ft., which is a manageable length for the sleepers. If the river is navigable at the nead 
one or two 20-ft openings fitted with gates must be provided to enable boats to pass. 

The flooring must be carried well into the banks of the river on both sides, to prevent the ends 
of the dam being turned ,* and the banks and bed of the river will generally require to be artificially 
protected for some distance, above and below the dam, to stand the violent action of the water when 
the gates are partially closed. 

The two fianks of the dam for some length are generally built as weirs, that is, instead of piers 
and gates the masonry is carried up solid to a certain height, so that when the water rises above 
that height it may flow over the top of it. The advantage of this arrangement is that it affords an 
escape for water in isase of a sudden flood when the dam may be closed, while when the water is 
low it is kept in the centre of the river and away from the flanks, and thereby causes a more 
perfect scour. 

6 X 
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^Hhaa the rlTSi ia lubjeot to indden and violent floods, duoage might be dmie before ti)* 
■leepen eould be all raised one by one; it is better tberefore to employ flood or drop gateiL 
Fits. 45B3, 46M, In snoh a esse, that ia, gatee which turn upon hinges in the piers at the level of 
the flooring, and whloh when ahnt are held op by ohaiDS against the foroe of the water. In ease 
of flood tiie ohsins are loosened, the gates drop down, and the water flows over them. Shonld the 
intervals between the pien be over ID ft. there wonld be a difQonlty in hanling the gates op again. 




A bridge of oommnniotion may be made between the piers of the dun it requited. But as it 
is not desirable to have it obstmoted with trafflo, it may be merely * light foot-bridge, or the 
intervals may be spaimed tempmrily with spare sleepers. 



I. 459S, 4596, like the di 



a rertlng on a firm fonn- 



dation oarried scruss uia canal bed. AaBaodsuemade to eaoape down the river, and are shot oat 
, „ >r, and the water may b 
isisomslibTaEatemoTteKapaDddowDai thognwvea, 
T ^j(£^ gates are raised or lowered 



le toeaoBpedi . . 

&om the oamtl, drop-gates will not be neoeNuy for the legnlafor, and the water may be admitted 
and contiolled dther »y planka al ' ' "■ ' ' ' * — '- "■ 



o which planka can M dropped when neeeseary one oy oi 
bv a windlass and chains; the wlndlsai may be movablet or one may be fixed between erery two 
pien and wn^ced by bandniikes. 

The piers of the regnlawr are generally sonnected by aivhes, so as to fonn a legnlar Mdge of 
eomnanicatim mtom the oanaL 

The bed and bank* must be defended by mastmry, as in the o««e of the dam, so as to be Mfo 
from the water^ aoticm when the gates are partially olosed. 

The flooring of the regulator at the head of a canal Is a convenient detnm for all the oanal 
tevds. A wat^-gaage sbonld beflxedmitat oneof the piers, so that the amoontof water passing 
into the oanal may be aootuatelT known. 

The above deMriptioB may oe understood to apply to all regulators employed en the oanal, ss 
well as to the one at the bead. Thns there will be a doable tegtUatlna; bead where each branoh 
is taken of^ one reoinlator being fixed across the head of the branch line to admit the necessary 
amoant at water whioh the branch is calmilated to bidd, and the other being bnilt eoroea the main 
channel at the same spot By the simnitaneoas working of the two It is evident that the water 
will be thoronghly controlled. * 





where it is taken off ftom the main line fin imgsting porposes. A single opening will geneftUf 
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be enough, and gates eliding up and down in the grooyee of the abutments may be worked bj a 
ratchet and lever or a windlass with spokes. 

But in order to establish a complete control oyer the water in the canal channel, proyision must 
be made for any excess which may arise from sudden rain floods or from the water not being always 
required for irrigation. This is effected by means of escapes, which are short cuts from the canal 
to a riyer or other natural water-course into which the excess of water can be discharged. Figs. 4597 
to 4600 are sections and plans of the escape dam, flank, and works at Dhunowree, on the line of the 
Ganges Oanal ; the number of openings m the dam is forty-seyen. of which fiye on each flank ai« 
arranged as ogee fklls, and the remainder are provided with drop-gates. Escapes should be 
proyiaed ai certain intervals all the way down the line, and a double regulating head diould be 
Duilt at the point where the escape is taken off, as in the case of a branch canal. On the Ganges 
Oanal they were projected at about every forty miles, but much must depend on the convenience 
with which they can be made, that is, on the proximity of the canal to tne river or water-course 
into whu^ the escape is to be conducted. They should also, if possible, be provided at all dangerous 

S dints, such as above a long line of heavy emoankment, where, in case of the bank bursting, great 
amage would ensue. The cut should be made large enough, and with sufficient fall, to carry off 
the whole body of water that can reach that point, so that, if necessary, the canal below the escape 
may be at any time laid dry for repairs, without stopping its running above, bv opening the 
eeoape regulator and shutting down tne corresponding one across the canal. By this means fdso 
that part of the canal above the eeoape may m opened when completed, while work on the lower 
portion can proceed. 

Drainage WorkSj AquedtuUf Inlets^ and Superpasa^ea, — ^Theee are an important class of works by 
which the canal is carried over the various obstacles to be met with in its course. 

If the line of a torrent cannot be diverted, there are three cases under which it may have to be 
oroflsed. 1st, when it is on a lower level than the canal ; 2nd, when on the same level ; 8rd, 
when it is on a higher. 

In the first case, when the torrent or drainage line is on a lower level, the canal is carried over 
it on an aqueduct The vaUey drained by the torrent will be embanked across in the usual way, 
care being taken that sufficient water-way is provided under the aqueduct for the torrent to pass 
when in flood. 

The second case is where the torrent is crossed on the same level. It may be a small drainage 
channel only occasionally fllled, or at least never bringing down but a email body of water. In 
that case it simply becomes an inlet, and is provided for by an arched opening through the em- 
bankment by wnich the water can be passed into the canaL In this way all mere surface drainage 
is provided ror at various convenient points, though as the course of the canal when once clear of 
the difficult ground above lies dose to the watefsbed of the country, the amount of intercepted 
drainage is smalL 

But if the torrent is of lar^ dimensions and bringing down a neat volume of water at a high 
velocity, the above method will not answer ; the water loaded wim silt would choke up the canal 
bed, and its force would destroy the embankments and do irretrievable damage. More elaborate 
arrangements have therefore to be mada 

A regulating bridge is placed across the canal channel provided with the usual sluice-gates; A 
dam is built across the chimnel of the torrent provided with flood-gates. Under ordinary circum- 
stances the dam is closed and the regulating bridge is open, so that the canal water flows along as 
usuaL But when the torrent is in flood, then the dam must be open and the bridee dosed, so that 
the flood water may cross the canal and run down its own channeL The bed of uie torrent below 
the dam must be paved for a certain length to prevent erosion, and the sides of canal and torrent 
have to be revetted for a considerable length to prevent their being cut away by the water. 

The third case is where the torrent crosses on a higher level, when it has to be oarried over on 
an aqueduct, generally called in that case a superpassage, to distinguish it from the flrst case^ 
where the cuud flows over the torrent. This becomes a very expensive and troublesome work, as 
a large water channel has to be allowed to carry anv extraordinary flood over the canal in safety, 
and sufficient headway must be allowed under the superpassage so as not to interrupt the 
navigation. 

It possesses, however, the great advantage of keeping the canal completely free from any influx 
of flood water from the torrents, which is always more or less heavily charged with sUt. It has 
the additional recommendation of not requiring the maintenance of a large establishment every 
rainy season, as in the case of a levd crossing, where the regulating apparatus must be worked by 
manual labour ; and lastly, the canal supply can thus be kept up uninterruptedly, there being no 
necessity to shut it off at the crossing to keep the silt-laden flooa water out of the ohannd below. 
These recommendations apply equally to passage by aoueduot, and render them both generally 
preferable to a dam when the levels will admit of the suostitntion. 

The distribution of the water in India is eflRMted by means of principal water-courses, which 
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are small branch canals with a masonry regulator at the head, from which the cultivators make 
thdr own water-oourses to their Adds. l^gs. 4001, 4602, are of water-oonrses, termed in India 

6x8 



BaibohH, In exoftVfttloQ uid in eintMtnkDient, and Figi. 4603, 4604, geoBal amagemimt of otnkl 

and HBter-cooiBM. On the older canals irrigation is aanied on &om the main cbaunel itaelf, bnl 

the inoonTeuienvM arising from tbie practice 

were found in India to be oo great th»t it haa i*"^ 

been generally diaoontlnned. 

The water-courses, Donatraoted on the mort 
apptored sjetem, form a oontinuoos line of iiri- 
gating channel on each side of the main canal, 
and generally imnllel to it. This line is fed 
by cuts from the main canal at r^olar inter- 
vals, sa; three miles apart, and In these oote 
are fixed the heads of irrigation of all the 
Ttllago water^oonrsee which are made by the 
Tillsgers tbenuelves. 

The eonala recently conatrocted in Bpaio 
voder the euperintendenoa of J. F. Bateinan 
and George HiOTu, one to irrigate the yalley 
of the Henares, m the prorinoee of Madrid and r l n n 



m of the modem system 



of irrigation. From Higgin's aooomit of the 
construction of these cm^ leoorded in the " -^^^^yiBiSWaBS'W^lBpB^BnBllMiftliiD^'' 
Trans. Inst. C.B.,T0l.sxvit, we extract the fol- ™^ SECTION ^ 

lowing partionlart ;- 

The river Heoan . ._. _. 

for a length of niDetj-aii miles falls into the Jarama not fu from Madrid. Its course is extremely 



ir Heoaree takes its rise amongst the mountains of the Somo Bierrs, and afler nmning 
,-_ a length of niDetj-aixmiles falls iulothe Jarama not fu from Madrid. ICsconrsei 
Steep, ud the cnrrent very rapid. The total fall of the river from the weir of the n 



n fall a mile of 11 -3 ft. The geologi- 

_ .. ._. , , isaportionof a vast hollow basin, theedgea 

of which are eretaoean. The total length of the new canal is 461 hUomitres, or tweDty-«ight mJIea. 
It takes ito wat« fit>m the river at a point sixteen miles above GnsdalajaiB, jtut below the jnsction 
of the SOTbe and Henares, and ends at Alcali. The total ares of ground enu>taoed hj the oanal is 
12,400 hectares, = 30,628 acres. Of this amount, however, some portion cannot be irrigated, and 
after deducting this, and that due to roads, streams, towns, &«., there remain about 11,000 heotarea, 
say 27,170 acres of ground capable of irrigation. For this purpose the volume of water oonccded 
by Govennaent is 5 cubic metres a second, = ITS cub. ft., for nine months, from October to June 
inclusive, and S oubie metres a second, or 105 cnb. ft., for the remaining three months. From 
aocurate measorements nude near the new weir since the oommenoement of the works, it appears 
that during the months of July, August, and Beptember, the average quantity of water carried bj 
the river is 210 cub. ft. a second, the lowest point which it has toui^ied being 140 oub. ft. a second. 
Daring the remainder of the year it carries an average of 900 or 400 cub. ft. a second. It is 
subject, however, to enormous tioods, which come down with great rapidity : and in designing the 
new weir it was necessary to provide for the floods. Several oame down during the progress of the 
works, some of which were estimated to be carrying SOOO oub. ft. a second. The weir, it is calcu- 
lated, vrill diseharge 20,000 eub. ft a second, which is mors than in all likelihood it can ever be 
called upon to do. 

The preliminary operations were commenced on the Ist Jonuarr, 1663. The most difficult 
portion of the canal Is comprised in the first lea kilomMies. Immediately after lesTing the river, 
Ihe canal runs into a heavy rock cutting, 2500 mi^tres long, and with an average depth of 16 R. 
At 2780 metres from its commencement the canal reached the most difficult porUoo i^ its oonrte^ 
a high limestone cliff, which overhangs the river. In the original plans It luul been proposed to 
carry the canal in a covered way along the de'bris in front of this clifl^ but a slight examination 
showed that it would be impoBsiole to do thiawilh safety, and it was at onoe decided to tnnnel the 
olifT. This tunnel has a total length of 2900 metres, = 8171 yds., and at its exit a further length 
of 300 Aitres of deep cutting in gravel had to be carried between walls. At the ninth kilcmiitze 
tlie canal crosses the Uadrid and Saragossa Bailway, and at the tenth kilombtre a wide torrent 
bed. known in the country as on arroyo, had to beoroased. This and tbenulway crossing were the 
binding points in this section of the ctuisl ; and it was with referenoe to them that the height of 
the new wetr was flied. 

The Dite chosen for the new weir was the only one where a good Ibundatirm could be expected. 
Fig. 4605 shows a cross-eeetion on the axis of the weir. The bed of the river was oconposed of 
oompact day rock, very impermeabl& mixed with strata of excessively bard oongkimerate. The 
orest of the weir wiuaCan average of 6 mitre* above the river bed; but on the right bank, where 
the river channel ran, it was oooaiderabl; deeper. Fig. 4606, a cross-section of Hie weir as con- 
structed. The frout wall, to a height of 2' '50 below the crest of the weir, was built of 
rubble in hydraulic mortar, the fonndatioD being benched into (he rook, which was blasted for the 
purpose. The main body of the weir was of hydraulic oonorete, the apron being faoed with cut 
stone bloeks, 2 ft. deep and 1 ft. tbiok, every fifth row being a bond 8 ft. deep and IfL thick. The 
toe of the weir was formed by two stones, 3 ft. 6 in. deep and 1 ft. thick, let 3 fk into the solid 
rock, and from this sprang the apron. From the top of tKe nibble wall to the crest the weir was 
entirely of out stone. Ttuee cooraee 2 fL high, and one course 2 ft. 4 to. high, oarried it up to the 
due level The lower course of stones were immense blocks, measuring S ft. on the bed, 2 fL high, 
and never less than S ft. 3 in. on the face. They were cut with a check, upon which Uie ioeoeed- 
tag wane rested, and V joints were out in every fiHiei and were nu in with pure oement after the 
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■tone wu in Ita plw 

to at eiaotly into th 

ofoutstoDS. For the purpoae 

of gualdiDg BgBimt flltn- 

tion, ■ aontJDuoiii line of oat 

■tone WM let into tha took 

in the oeiitre of theoonorete. 

Theeo Btonee vere 2 ft. deai, 

one half beiiiK *asik in the 

tMk ftod one hklf lisiiiR up 

Into tha eonciata. Tbey 

were til baddad in pan . 

oement, uid were oat with i 

V joints, abo mn In with J 

oemeut. Pig. 4607 tbows \ 

the form of tlie wi;ir on plui. ' 

It ia composed of two onrre*, ' 

one of 121 mjrtree ndiiig,knd . 

the Bmaller ana of UO^ mfetrea ' 

redioa. The abutments were 

founded apun the rack in a 

aimilai manner to the weir, ' 

and were built of Urge 

blocka of rock-faced aahlM 

in oooraet 50 oentimitiet **"■ *•*■ 

high. 

The water for the oanal 
it drawn off by Ave duloe*. 
Theaa are aet in mMoory 
archea of the lame qUm of 
work aa Uie abatments. At 
the eutnuioe of the oanal 
there are three alnioea, for 
the potpoee of aoouring oat 
an; depoaita which maj ao- 
cumulate in froat of the 
gate*. The aiU of theae 
aluioee ia 1 ft. lower than 
thoee of the oanal iluicea, 
theae latter being 5 ft. und^ 
Ihe crest of the weir. Im- 
inediatety inside the head 
sluices, and forming a por- 
tion of the head works, an 
overflow weir, 12 tottres 
wide, is built, in order to 
proride for the diaoharge of 
any walera whtoh s faddea 

flood might admit Into the oanal during the absenoe of the guard. This 
ia neoassary, aa floods bBTe been known to oome down so quickly in this 
rlTer m to carry away women who were waabing on the banlu. 

The riTer, at the time of the oommenoement of the work, ran In two 
channels ; one close to the left bank, which was shallow and carried ver j 
little water ; the other, which was the principnl channel, ran close to the 
riglit bank. The work was bcgnn on flie left bank, and oajried forward 
until close upon the deep channel, a gap being left in the weir near the 
left ride of the river. When the work armed at the deep channel, the river 
was tamed by throwine a bank across it at some dlatunoe above the weir, 
and the foandaljons of tbe right btink were then put in. The weir U 
120m^trcslong,=^ISO yds., between the abutments. 

The hyilraulio oonorete oscd was in the proportion of 5 of lime, 9 of sand, and 22 of gravel or 
broken stone. It aet very hard, miule an eioellcnt job, and withstood suoceaafolly the tremendooa 
floods that BometioieB swept over it daring the oonstruotion of (he work. 

Tbe constmction of tbe tunnel nOered uo engineoring difSoultiea. Ationt one-half of it was in 
a slifl^ tenacious clay, the remainder being in limeetoue rook. It was found necessary to line tbe 
whole with brick, as the rock, thont^b bard when first cat, ommbled under eipomre to air and 
water. Fig. 4608 shows the general position of about one-half the tunnel. At 240 mi^tres &om 
the commi^noement it crossed a lorreat bod, the level of tha top of the tunnel being slightly under 
the bed of the torrent. Two points of attack were thna obtained running In almost on the leveL 
At 900 metres fsrtber on the same thing occurred : and at 4580 metres tbe tunnel ran into the side 
of the hill, and a portion, 220 metres in length, was able to be oonttruoted by open exoavstion. In 
addition to tliese natural faces, seven galleries wpre run in from the side of the cliff', so that there 
were in all twenty-two faces : and the work could conaeqnently be qnicklv pushed oa. In most 
oasea a shaft wsi sunk fiom the top to meet the gallery, tor the purpose of preaerving tlie line of 
tbe tunnel. In the case of the two gallerica, however, shown on rig. 4608 ud marked A and B, 



tliangnlation were obtaiaed from t)ia centres of the two towers flzad on the tap of the oliff 01 . . 
line M the taunel. The direotion of the g«Uei;ies wui tben gtToa trmi the mnunred bass, and k 
' tlone, wiUi an Iron centre let into it, wu nmh at the entnnce of each nillcr;, and the dutance of 
these pohits being ag>in fomid by another imaaDrement, the dlstanoe oetveen this and the flrat 
oalcnlated distance gave the length of the gallery to the centra of the tunnel. When thia point 
was reached, the measured angle rrpoa the base waa let ofi^ and the work wm commenced npra all 
ir facea. About 70 or SO metres ware driven in thia way, the tonnel being fatkea out for it« full 



e^itra met, it vtbb thought Uwt the liak of going on upon the caloiilated line* wm too great,' aa a 
eligbt error, either in tlie niMwared beae or in the anglea, would have created a luge error iu the 
lines of the work. A conple of ehaftB were aaoordingly mnk at the pointa marked G and D, wtten, 
to the utisfaotion of ail conoerned, the new linea dropped fimn the BnrftOB were fonnd to Doinoide 
almost exactly with Iboae given by the trisngnlation. 

The aeotion of the tunnel and the different thickneewa of imhing ara ahown in Figi. 4609 to 
4611. The whole of the brickwork w»« aet in bydrauUe mortal. Aa it wu found, however that 





the pnre lime and aaud set too qnickly, the clutotn of the country waa followed, and a patentage 
of white lime was mixed with fbe bTdraulLc, the proportion being I port of hydi»nlic, I part of 
white lime, and 4 parts of tand. This mortar waa longer In setting than the pnre mortar, and 
gave much better reanlta. It cannot be used where the work ia liable to be immediately covered 
with water ; in the tunnel this was not Ibe cbbc. 

Tbe clear diameter of the tminel inside ia 8**40^ and its height 2" '22. It waa flolahedon 
the 30th Hay, 1S66, a Tear befora the weir. Air-ehoni were left at three of tlw fooM where the 
tunnel oame out near the mzStev, and four of Uie gallerjea were Inicked in, ao that ean admisainn 
tDiKht be hod to the tunnel at any time, Figs. 4612 to 4614. The remainder of the galleriea 
aud shafts were flUed In. 

The only oUiei worki of importance on thia oanal are an aqueduct over tbe Arroyo Tmda at 
the entrance of the tunnel, tbe bridge under tbe railway, and the bridge over the Arrayo Hajaiuu'. 




o 



The diffionlttea presented by the Ividge under tbe railway wera dmply those csnaed by tha 
work having to be carried on wtthont disturbing the passage of the trams. This was done by 
shifting the line and bnildlog one-half of tbe abatments at a time. Tbe railway wae oerried on 
wrougbt-iron girders sent out from England. In oonseqnencQ of tbe little headway which could 
be obtained over tbe Torrent Uajanor, it became neoeasary either to carry the canal over by a tube 
or onder by a sinhon. It waa reaolved to adopt the former plan, and the canal is carried over in • 
wrought-iron tube of 20 mStrea, say 66'6 ft. span, Fig. 4615. The joint of this tube with tbe 
masonry was made m follows ,■ — A strip of 7 lb. lead was bolted leonrel v to the end fiange. The 
lower cmd (^ this lead was fixed in a channel cut in tbe stone, and ran with a miitnra of pitch, tar, 
and sand. The side* were completed in the same way. By thie means tbe tube can change 
■ligKtly by contraction or expansion without risk of leakage. In addition to this joint, tbe taba 
rests on a Sannel pillow soaked in tallow, and the dde flange was peeked with oakum and toUow. 
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There was thus a double joint. Thie tnbe was the last thing done. It was immediately filled with 
water to the depth of 5 n^ and hae since been kept fall. It is perfectly tight both at the joints 
with the masonry and in the other carts. With a load of 98 tons of water it sank } in. in the 
centre. At the side of this tnbe are tnree slnioes for disdiarging the canal if necessary. 

The remaining works on this canal are not of much importance, the only considerable one 
being an aqueduct oyer the Arroyo Duefias, consisting of two arches 20 ft. span each, with a 
height from the bed of the Arroyo to the coping of the canal of 26 ft. The approach to this 
bridge is rather heavj, the bank containing 82,000 cub. yds. A good deal of difficulty is 
experienced in Spain in works of this dass, from the exceptional character of the streams and 
water-ways. The rainfall in most parts of Spain is irregular, and large quantities fall within a 
few hours. Thus, in the month of May, showers will freauently fall in Madrid almost tropical in 
yolume, to be sucweeded by three or four months of nearly peifect dryness. From the denuded 
nature of the country, and the absence of any species of herbage, the rain runs off with great 
rapidity : eyery deprossion becomes for the time beiag a torrent, and it is necessary to proyioe for 
their discharge. As they all bring down large quantities of grayel, it is not possible to pass them 
into the canal ; and for the same reason it is dangerous to pass them under the canal, unless a firee 
discharge can be mad& for them at the lower ^e. In cases where this was difficult, and the 
nature of the ground permitted it, these streams are carried oyer the canal by means of small iron 
tubes, Fig. 4615. In the Esla Valley, where the extreme flatness of the ground, and the absence 
of any defined water-courses, render it difficult to pass the streams under, the greater portion of 
them are passed oyer the canal in this manner. In many cases the country roa& become toirent- 
beds in time of rain, and proyision has to be made for both kinds of passes. Hieee were yariously 
treated, according to circumstances. In some instances headway was obtained bV altering the 
canal section to a wide, shallow bed ; in others, the canal itself was passed under by means of a 
masonry siphon. In aU the works of the canid economy was sought, as &r as was compatible 
with good workmanship. The greater portion of the ordinary roads were passed oyer by small 
timber bridges. Where the roads wero of more importance, bnok bridges were constructed. All 
works under the water-line were built in hydraulic mortar; aboye that line, in white mortar. 
All arches, both aboye and below the water-line, were turned in cement At all the mill-falls slnioe- 
gates are proyided on the main line of the canal, the foil haying a slope of 2 to 1 ; it is payed 
with out stone 9 in. deep, laid in hydraulic mortar on a bed of concrete 18 in. thick. The water is 
measured out to the mills oyer an iron weir similar to the system adopted for the measuring of the 
irrigation water. One hundred litres a second, falling 1 mbtre, is taken as an effectiye horse- 
power. This is equiyalent to about 44,000 lbs. lifted 1 foot high in a minute. The banks where 
the ciinal ran aboye the ground were made of well-selected earth, rammed in layers about 6 in. 
thick, and each layer thoroughly soaked with water. 

The sections adopted for the first diyision of the canal are shown in Figs. 4616. 4617. 
The inside and outside slopes are 1) to 1, and the banks are 1"*80, = 6 ft, wide on the top. 
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The depth of water in the first few diyisions is l<*-50, = 5 ft., and the yelodty adopted was 
70 centimHres. say 2 ft. 4 in. a second. This is rather hish. but it is a matter of importance in 
Spain to ayoia expodnff the water in wide shallow channels ; as with a less yelodty weeds grow 
freely. Many of the old canals and waterK^urses of Spain baye a mean yelooity of 90 centimetres^ 
or 3 ft. a second. 

As to the best method of measuring the water 
to be supplied to the landowners. In tiie old 
Moorish works no actual measure of water was 
attempted in the sense at present understood. The 
quantity of water in the nyer or canal was divided 
proportionally oyer the lands irrigated: if the 
river brought more water, each canal receiyed 
inore; if lees, lees. Some of their systons for 
dividing the water were suffldentlv ingenious. 
The system adopted at Elche was that used by 
the Moon before thdr expulsion from the country. 
The quantity of water in the river is divided into 
twelve equal portions, each of these portions being 
called a hilo de agua, the '*hilo" being the 
twdfth portion of md river running for twenty- 
four hours. These are sold every morning by 
public auction, and the prices they fetch are 
almost incredible. The system by which the 
proper proportion of water is taken off for each 
canal is shown on Figs. 4618, 4619. The water ia 
conducted along a level masonry channel with a 
very slow velocity, till it faUs over a drop. At 
a distance of 1 m^tre farther on it fidls over another 
drop. In the intermcHliate space between these two drops is fixed a little pier, which divides tha 
breadth of the channel into two portians, the smaller one being more or less that bdonging to 
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(he CADiil tbi vliiub the water hut to be token. The point of this pier ocnuUts of ft moT ible TUie, 
terminatiag in it ehaip edge, wbicb, vhen it is in a titraight line with tlie pier, almost louchei the 
firet drop. It is eTident tluit b; inovin)( thia arm, the sheet of water flowine over the drop can be 
divided within certain limits with oonxiderable accuracy. After every sale the person in charge <k 
the distribotion eoea round and flies these annB, allowing to each channel the Droportion of water 
which corteapunds to it; vid thus thiiy reoiain for twenty-four honrB,nntil the next sale tabei 
plac«, and a new diviaiou becomes necee^ry. 

Figs. 4620 to 4622 shoir the method of dividing the waters in Lorca. In this oasd the apsoa 
tbiougb which the water paM» is divided into the nnmber of proportionaJ parts or hiloa rapposed 




to be in the river. At Ibe left-hand tide Is the opeDing throngh which flows the water which it 
is proposed to take off for the Mcondarr ohuineL Both these openings are capable of being olooed 
by small vertical bats of wood, which drop into a channel ont into the masonry below, and are held 
at the top by two iroo bars. There are eiootly <u many of these wooden bars as there are hiloe in 
the stream ; if, for instance, the main stream carries twentj-four hitoa, and it is neoessar; to take 
ten off for Ibe secondary cbannet, fourteen of the wooden bars are taken ont of the principal 
channel and ten out of the side one. It is manifest that as a measnre of water this is open to many 
objections, but it is ingenious and interesting when it is considered that It has been in use probably 
upwards of eight hundred years. 

The principal objects to be sought in a module are, simplicity of arrangement of the different 
parts, freedom from friction or any similar deranging canse, oonstant discharge tinder varying 
heads, and, of course, iin eiact meeaiire of qnantitv. It is of great importance that there should 
be no oonoealed machinery, not only from its liability to derangement, but beoaoee tbeie is then so 
much more liability to an alteration in the discharge, withont its being notioed by the guard. It 
is also of importBTioe to have, if possible, saoh a measure as can be eMily inapeoted by the Und- 
boldets, in oiiier that each man may, if he pleases, satisfy himself that Uie proper qnanttty of water 
is floning into his cbanneL 

The Milanese module. Figs. 4623, 4624, is perhaps the one best known. The principle of this 
module is that of discharging the water throogn a certain opening under a constant head. For this 

Surpose a unit <^ measure was 
i^ on, called the " oncia 
mogistrale," which is that 

?[naDtity of water which flom 
reely under the sole iuflneiMe 
of pressure through a reotao- 
gular opening having a uni- 
form height of 7'SC Rnglisb 
inohw, a breadth of 4-12 
English inches, and a constant 
head above the upper edge of 
the outlet of S'93 Eogliah 
inches. The water is admitted 
from the main canal bv a 
sluice into the first chamber, 
which, according to law, ought 
to have a length of at least 
20 ft, in order to deaden the 
flow of tJie woler. The floor of 
this chamber is inclined from 
the sluice up to the outlet, 
and in some cases a covering of planhs or slabo, called the cielo morto is placed aoross the 
chamber at the regulation height. II is the guard b duty to see that the water in this chombei 
does not rise above tbe heieht ; and for this pnrpose he is charged with the key of the slnioe. 
Tbe outlet is cut in a slab of stone, edged frequently with iron It is evident that if this aperture 
were cut in a tbiu plate, if the head of water were constant, and if it arrived at the aperture in 
a state of stillneas, a result as nearly exact as pomible could be obtained. In praotioe, how- 
ever, it is not very accurate; the outlet given above being assumed as a unit, any number of 
"oncias" are vupposed to be given by merely increasing the width of the opeaing by the required 
number of oocia* ; and it is supposed that liaa will give a simple multiide of the first unit. 
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ThiB la not, boweTSi', the oue. By the addition to the width of the opening, the dlicherge 

inf^eaae* more than b oertain nimibet of imiti ; thoa, ui opening of the width of mx onoiu dis- 

oLvge* much more than six septoBte openings of one oncia each. The water BrriTes ilao with 

too mnch Tolocitj at the aperture, on the dimennoni reqnired to Hlminiali it and the other poiuta 

are nerer atrictlj obaerved ; and the result is, that while the 

Hilaneee module poogneaoa aome of the elements reqnired In a good '*^* 

module — giraplioit; of arrangement and facility for examination 

both bj the gnard and hy the people interested in the irrigation 

— it ia erroneoua in ita oonatruotion, and dues not give nnTarying 



dischargee. 
On&el 



to bll into a tube which paaaea through the bott^ 

ehamber. This tube, beingatlaohed toafloat,riaesand blla with ' 

the water, and ptixum the month of the tube at a fixed lerel 

below the surhoe. lu pt»etioe this does not work well, aa It ia 

alniMt iiDpa«uble to preserve ttea workine of the tube in the 

bottom plate, and at the Mme time to aioid leakages Thia plan, , 

bowATer, ha^ anggeated to Bibera the moat ingenlona moanle 

which has perhaps yet been deriaed, Fig. 1625. A ehamber ia 

oonstmcted at one side of the canal, into which the water ia ' 

admitted through a acreen. In the door of this chamber is filed J 

a WTonght-iron plate, haTing in it a circnlni hole of a given j 

diameter. Into thia hole banga a pendulum of parabolic form i 

anspended by a float, the water eacaping in the space toft between I 

the pendulum and the orifloe. The dimensions of the pendulum i 

being aocnrately calculated. It U evident that with the riae or fidl 

of the water a grtater or leas opening is left for the dischai 

which can thertfore be kept constant under all heada. T 

module ia entirely free from moat of the objectiona that the others are open to. There ia no friction 

of parte, no liability to derangement, and the discharge is mode under one of the few condition! 

In which it is believed water can be aocumtely measured. The only objections to it are, the lose 

of head and the diatnrbanoe that might reault nom the deposit of mud on the floor of the chamber, 

in wbieh case the oriflce would asaume a trumpet form. As moat of the rivers in Spain bring down 

large qnantitiea of mud in auspenaion, this objection might have aome force. 

The module adopted on the Uenaree and the Eala canals. Figs. 4626 to 4629, cannot lay claim to 
novelty ; but it ia Mlieved it will fulfil its purpose practically. The water is merely meaaoied by 
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being diachajged over a knife-edged iron veil. The water is admitted from the main cuial by a 
aluioe working in the division mil B. After entering from the canal, the water psMes into the 
fint chamber O. and from thence into the second chamber D, where the w«ir 1« fixed. The com- 
munication between the two ohamben is made throueh narrow slits, and the water arrives at the 
weir without any perceptible velocity, and perfectly still. The weirs vary from I mf>tre to 2 metres 
in breadth, aooordins fo the quantity of water required to be paamd over. On the wall of the 
outer ohsmber ia fii^ a scale, with its lero point at the level of the weir edge, and by means of 
this scale any person can satisfy himself that the proper dotation of water ia fiowing into the distri- 
bntion channel. By managing the sluice, the guard can regulate to a nicety the height of water 
to be passed over the weir. Tliis module has several good points. The ayatem of mcaaurement ia 
that which possesses the most fixed rules in hydtanllM, and give* the most constant reaulta; 11 li 
simple, and almost incapable of derangement ; it will serve equally wel' for toibid waters M tot clear 
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ones; it can take off the waters with the least possible loss of head, a most important point in 
oanals such as the Esla, where the loss of a few feet of headway would prevent the irri^tion of 
many thousand acres. The guard oan see at a glanoe whether the proper amount of water is 
passmg into the oourse, and the irrigators oan satisfy themselves on the same point. The only 
reasonable objection to this module is that any sudden variation in the head of water in the 
oanal will afi^t the discharge, which will continue to be greater or less than it ought to be 
according to circumstances, until the guard comes round again. This is undoubtedly true; and to 
meet this objection it wasL^at one time proposed to use a movable weir suspended from floats work- 
ing inside tiie piUars, which would rise and fall with the water, and preserve the crest of the weir 
at an invariable level below, Figs. 4630 to 4632. On reconsideration, however, it was determined 
not to put this in, as in most well-regulated oanals there is never likely to be any perceptible 
variation in the head of water. There ^.^__^^ 

is generally a g^uard in charge of the -^ «^^*-. *«30. 

hei^-works, whose special dufy it is to 
see that a constant body of water is 
admitted into the canal. If the river 
is flooded, he must close the gates ; if 
it diminishes, he must open them. The 
water taken off from the canal for the 
different water-courses is a fixed quan- 
tity, and that passed on to the lower 
portion is therefore likewise invariable. 
The only cause of a sudden change of 
head would be in the case of a sudden 
and heavy fall of rain ; but to provide 
against this, at every two or three kilo- 
metres there is a waste weir, which 
would immediately carry off the surplus 
waters ; and even if a little more was 
discharged through the module for a 
short time, no inconvenience would 
result from this. On the whole, as a 
practical working module, that adopted 
for the Henares and the Esla canals is 
probably as good as can be wished for. 

Experiments are now being made to ascertain the proper ooeffloient for 
these weirs under varying heads. 

As regards the probable losses by filtration and evaporation, it is 
difficult to arrive at any reliable calculation. Bibera cetimates, from 
experiments made on the Isabel II. Oanal, that the total loss from both 
causes will be onlj 2 per cent, of the whole body of water carried. This 
appears lo^r, but it must be borne in mind that the whole of this canal is 
to be lined with masonry. Nadault de Buffon g^ves the average per- 
centage on canals as 15 per cent, of the total volume carried. He does 
bot mention under what circumstances such a percentage may be ex- 
pected. Now, it is quite evident tliat any estimate for filtration must be 
expressed in terms of the wetted border and depth or pressure of water, 
and no general rule can be arrived at that will appfy to all kinds of 
canals. Experiments are being made on the Henares Canal to ascertain 
the loss by nitration in ordinaryearth under vaxjing depths, with a view 

to obtain more precise data. The evaporation in Madrid, according to the returns of the Boyal 
Observatory fbr the year 1867, was as follows; — 



4631. 




4633. 




Inches. 

January 1} 

February .. .. 2 

March 8 

AprQ 51 

May 6| 

June 10| 



Carried over 



28} 



Brought over.. 



Incihea. 

.. . 28f 

July 131 

August 11 

September 6 

October 3f 

November l} 

December | 



Total 



65 



Tlie total amount of water evaporated from the Henares Canal during the month 8{ July would 
be 99,042 cubic metres, which would be equivalent to nearly } per cent on the total amount of 
water carried. 

Another important point to the irrigation engineer is the principle to be followed in the 
distribution of the waten. Fig. 4633 represento a portion of the valley of the Henares now under 
irrigation. The system of distribution is shown by the dotted lines. It is divided into portions of 
about 300 or 350 hectares, say 750 to 850 acres, each of these plots being served by one of the 

Srimary channels, taken off direct firom the main canal. On this primary channel at its point of 
eparture from the main canal is fixed one of the modules before described, and by this modulo 
the dotation of water necessary for that area of ground Ib measured. Thus, for 300 hecteres the 
dotation would be 300 x *45 = 135 litres a second. In cases where the water is distributed by 
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the eompuy vaoagH » ntunber at niull praprMon^ It U dme in tbi« mj : the totkl amoimt of 

wktM U pwed Into aaoh of the MeendMj ohHUMta, md inigatioii begins on tbe plot at efthertod 

oF the ohnnnel. By nuani of tho oompMty's miTTey uxl TMiiter, the acreage of 

every plot in the Talley ia IcDOvn ; .ft it only neoeawry theielore to calonlata «uj. 

thenomberof minateaoihcianthe etnwnmiiatnm to give a certain quantity 

of water, and glTe the diatiilmlor hU book with the namea of the pn^uieton 

in Ihelr order and thohonn that each mnst hare tbe water. After the atream 

has ran tot the time allotted to it, It li shut off and turned on U> the next 

field ; and ao on until all tbe flelds depending on that eecondary channd are 

irrigated. Tbe itreara ia then ahot off^that aeoondary ohannel and tamed od , 

to the next in torn ; and k> on until all are irrigal«d, and the flnt ia oom- 

menoed again. In aome inatanoea the larger propriettua have wiahed to take 

into their own handa Uie diatribution of the water upon their eatatae ; and i 

in thew oHBi tbe nwdnle, Elga. 4631, 168S, haa betn naed. Ita mode of 



Dveying ISO Iftrea a aeeoad, and that 

_. _„__ ^__, . .... .. a aeoond into hia own olunnel. The 

water tjttie primary ohannel te pa Mod Into the ehamber A, from whenee It paaaeathronefadiTialona 
in the puty-wall Into B, where It arrlToa In a state of almoat prrfeot atillneai. Thia dumber tuu 
two openlnge — one whMi ia a oontlonation of the main m'aoMrj channel, and the other which leada 
to the leoondary ohannel. Theae openinga are provided with wein of aheet Iron, ajid onv theae 
the water diaohama. It la only n D B o aaary to proportion the width of the weir* to the amount they 
have okoh to diacharge, and aa the head ia the aame for both, ther will each diaeharge their propor> 
tlonate parte. Thus, roughly apeaUng, in the oaae under oooaideration, the weir on the MMnMary 
ohannel would leqniie to be one-half the width of that on the primary channoL Bee AauDmor. 
Babkaqi. Canal, Locu ahd Lock-oath. Wnna. 

LM of Booi* <M Irriiaiiim .■— Keelhoff (J.), ■ Traits Pratione de llrrigation dee Pnirlea,' 8 Tola., 
Svo, Bnuelka, less. UonorieffCO.O.Boott), 'Irrigation In Southern Europe,' 8to,I86S. 'Hemoria 
•obie el Beigo de loa OMnpoa de Madrid oon laa Agnaa del Eio Loxoja,' aa Don Jnan de Mbent, 
loyiJ Sto, Madrid, leea. Itoberta(J. P.), 'lmgalioninSnhi,'eTO,1867. FantofB.),' Irrigation 
et Aeaalol^imant de Terrea,' 4 vola- lamiLand 4to Atl«^TariB, IBSl. ■ Hediaa IrrtaaUon Baoorta,' 
fillip I8SQ to 1878. 01hU(J.X 'Cbtton Ooltlntion,' crown Sto, 1862. B. Baird Smith, ' Italian 
Irrigation,' 8 vol*., Sro, and Atlaa In folio, 1855 ; ' Irrigatiou in the Hadiaa Piorliicea,' 8to, 1856. 
Nadanlt de BntBn, ' Dea Canaus dlrrigatioo de ni»lie Beptentrionale,' 8 vola., Sto, and Atlaa in 
4to, Paria, 1861. Maurice Aymard,>IrrigationadulIldIdel'ERiagne,' Sro and IbUo, Paria, 1864. 
Bee alao Belldor, ' Arohitecture Hjrdranlique;' Sgandn, 'OonradeOonatraetloai' Sir P. T. Ckutley's 
' Bepoct oa the Oangea Oanal,' and numeroua Papera in the Minnies of the Inttltatkni of Cinl 
Bn^ne«m: ' L'Annala dea Ponta et Chanaa tfe a.' and the IProfaaaional Fapew mlndlan Bigineering,' 
edited by CoL Medley, RJl, Bot^ee, 1S63 to \S72. 

ISOHOBPHISM. Fb., Txmcrpkiunt ; Okb., lMimorpliim.iti. 

Certain ■nbetanoea poaaeaa the property of oryttalUiing In identical or nearly Identioal fnnns, 
and of glTing, when they together uamne the solid state, homogeneous crystals in which theae 
•ubataocea an contained in any proportions. This property teoeifed ftmn Mitseherlieh the name 



The labmoa of HaQy had already shown that every substance niioeptible of ecyatalliiatijli 
Iia»n»Ga a particular form di^Dct from those of all othen; the only eiiypttoa being tbe forma of 
the eublo tvpe which HaQy considered aa Umiting forms beyond the influeooe d the general law. 
This propootion, in its gOMoetrical rigour, remains trae even now, for immarj^Hxa snlMtaoces. often 
showing the greatest similarity in the meet minute particulai* of their orTalalliiation, are derived 
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from primitive fonns, the angles of which are not identical, and which angles may differ by several 
degrees. Bnt at the time when Mitscherlich made his. important discovery, the crystalline forma 
of various substances chemically different were regarded as absolutely identical. It was supposed 
that these substances were compounds in which one of the components possessed such energy to 
crystallize that it impressed its own form upon all the others. Mitscherlich besan by attributing 
to isomorphous substances angles absolutely equal. Wollaston, however, had shown by exact 
measurements that calcite, sidero-calcite, and dolomite do not possess the same angles. Mitscher- 
lich's experiments, made upon the phosphates and arseniates, led him to the conclusion that it is 
not identity, but extreme similarity of form, and especially that physico-chemical property of 
crystallizing together in indefinite proportions, that constitutes isomorphism. Isomorphism, 
governed by analogies in properties and formula, that is, in constitution, is therefore above all a 
physical property. From this point of view especially it offers deep interest to the chemist, who 
many a time has been able to infer, from a reason dependent on isomorphism, a similarity of oonsti- 
tution, and not only to correct certain formulas, but to enrich science with new substances, such, 
for example, as the compounds of vanadium. 

The researches of Mitscherlich had been preceded by a number of isolated observations which, 
one would think, ought to have attracted more notice from chemists and mineralogists. Werner 
had already pointed out the resemblance in form between pyromofphite and apatite. Leblanc had 
discovered that a solution of ferrous sulphate, to which sulphate of copper has been added, deposits 
crystals which, with the form of the sulphate of copper, contain variable and often very conside- 
rable quantities of sulphate of iron. A similar observation had been made by Beudant and others 
respecting the sulphates of iron and zinc. Vauquelin had shown that ammonia may replace 
potassa in any proportion in alum without changing the form of it ; and Gay-Lussac, having sus- 
pended a crystal of alum of potassa in a solution saturated with alum of ammonia, saw it increase 
regularly as if it had been placed in its mother-lye. These facts remained isolated in science until 
Mitscherlich, profoundly struck with the idea that an identical crystalline form must correspond 
to a similar atomic grouping, studied from this point of view various series of salts. He soon dis- 
covered that the sulphates of the different metals of the magnesian series were capable of crystal- 
lizing with the same number of molecules of water and presenting similar forms, that they could 
combine with the sulphates of ammonia or potassa and give identical crystals, that the arseniates 
and the phosphates, corresponding to the sulphates, offered the same analogy of crystallization, 
and that in general the nature of the constituent atoms seems to have infinitely less influence upon 
the crystalline form than their grouping. Still he was obliged to attribute to the chemical nature 
of isomurphous substances the cause of the slight difference in angle, which an accurate measure- 
ment of the crystals compelled him to acknowledge. From the time of Mitscherlich*s labours the 
notion of isomorphism became an exact one ; and later researches have not modified it in any 
important degree. 

A remarkable character of isomorphous substances has recently been discovered by Oemez. He 
has shown that a sursaturated solution crystallizes equally well wnen touched with a crystal of the 
substance dissolved or with an isomorphous crystal. Lecoq de Boisbaudran has even succeeded by 
this artifice in obtaining crystallized hydrates which do not form in ihe ordinary conditions of 
crystallization. 

Certain natural and artificial crystallized substances have very nearly the same angles and 
great similarity of form, though belonging to two different types. Such are albite and felspar, the 
group of the mesotypes, augite and bronzite, augite and rhodonite, bitartrate of potassa and that of 
ammonia. Laurent was the first to regard these substances as iaomorphous, ana to this particular 
isomorphism he gave the name of paramorphism. This chemist remarked this curious fact, naipely, 
that in two crystals of different but similar composition certain angles may correspond exactly 
with each other and present nearly the same value, whilst others are wholly different. These 
substances he calls hemimorphous. The most striking example of hemimorphism has been given by 
Pasteur. He noticed in all the orthorhombic, clinorhombic, and anorthic tartrates a prism of about 
100°, surmounted by variable summits. 

In certain cases we are compelled to admit isomorphism between substances that do not contain 
the same number of atoms, as, for example, the alums of ammonia and potassa, and most of the 
salts furnished by the alkalies and ammonia. The same thing happens, but more rarely, when we 
see two monatomic atoms play the part and hold the place of one diatomic atom; this is the poly- 
meric isomorphism of Scherer, which seems real within the limits we have just pointed out, but 
which we can hardly admit as true to the extent given it by its author. According to him, 3 Ai, O, 
might replace 2 Si 0„ and even 3 H O replace Mg O (old equivalents). 
The following are the best known examples of isomorphism ; — 
CvbicType; — 

1. Chloride of potassium ECl. 

„ of sodium KaCl 

„ of lithium Li CI. 

„ of ammonium NH^Cl. 

„ ofceesium CsCl. 

„ of rubidium BbCl. 

„ of thallium TlCl. 

Bromide of potassium K Br. 

• „ of sodium NaBr. 

„ of ammonium NH^Br. 

Iodide of potassium K I. 

„ of sodium Na I. 

„ of ammonium NH4I. 
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Cysnids of potasmnm ECN. 

„ of ammonium N M, C N. 

Fluorids of potaamnm KFl. 

„ of wxltiiii) Na Fl. 

2. Salphnret of lead PbS. 

Beleninret of lead Pb Be. 

3. BiiDlpbide of iron Fe&(pjrite«). 

„ ofmangBiMM Hn 8, (Werite}. 

4. Oxide of magnsaium MgO. 

„ ofuickel mo. 

5. The group of tbs Bpinelloa; — 

Alammo-magQeaiu] oxide Mg. 

„ ferrouB oiide FeJ 

„ linoio oxide Zn j 

Ferrim-mBgiieawD oxide . , Kg . 

„ zinoio oiide Znl 

„ femmi oiide Fal 

ChJomioo-feiTom oxide Fe ( 

Oxide of titanium and iron • • . . Ti f 

6. Nitiate of bariam Bb( 

„ of sttoutiDin 8r ( 

oflMd Pb| 

7. Chlorate of Bodiam Na<_ 

Bnimale of Bodinm NaBrO,. 

lodatoofanunonium NH.IO,. 

8. Chlorate of niokel Ni(010^ + GH,0. 

„ ofoobalt Co(C10^ + 6H,0, 

„ ofoopper CD(C10,)*-t-6H.O. 

Bromate of magnedum Hg(BrO,)*-t-6HiO. 

- ofzino ZQ(BtO,)' + 6H,0. 

ofniokel Ni(BrO,)'+ 6H,0. 

ofcobalt Co(BiO^ + 6B,0. 

9. The groap of the garnets^ m; — 

C«AI,Si,0„(gTOMiilar)i Hg Al,81^,,(p7inpe), io., Ao. 

10. Chlocoplatinate of potamintn .. .. E.PtCL. 

„ of ammonium - .. (NH,>*PICV 

OUoro-iridiate of potaasium . . . , K, Ir CL. 

H of ammoninm . . . . (N H^)* Ir CI,. 

CLIonMtannateof potanintn ELSnCL. 

(NH-ySiCt.. 



Chloropalladate of potaaainm .. ., E,PdCI,. 



. .[jHJPdCI,. 
11. Thegroapof the alonu: — 

Alnmino-Rinmonlo Al,Oi '+S4E,0. 

Alumino-potaaio A1,K, AS.O. 

Alumino-lilhia Al, Li S4 H, O. 

Alnmino-thallia At, TI 24 H, O. 

Ferrioo-potamia Fe,K t4U,0. 

Fenioo-ammonio Fe, (t I -I- 24 H, O. 

Hannnico-potaido Md, E 24 H, O. 

Hanganioo^mmonio Md!(1 )* + 24H,0. 

Chromico-potaosio Cr,K, MILO. 

Chiomioo-ammonio Cr,(N _ . .' + 84H,0. 

Quadnlio 7\)pe ; — 

1. Stannio oxide BnO,. 

Titaniooxide li O,. 

2. Bulphate of niokel NiB0,+7^p. 

Beleniale of niokel HiSeO,+ 7H,0. 

„ or«iiw 2n8eO, + 7H,0. 

S. Photphate of potasM KH,PO,. 

ofammonift NH,H,PO,. 

Aneniate of potona KH,AiO,. 

„ of ammonia NILH,AeO^ 

4. Ammoniacal solphate of ailrei . . Ag, 8 O, . Z N H,. 

„ Beleniate of aUver . . . . Ag, 8e O. . 2 N H~ 

„ ohromale of Ml»er , , , . Ag, Cr O, . 2 N H,. 

5. Sulphate of ooppor CuBO,4-6H,0. 

„ ofmagnetia Ug80,-t- 6H,0. 

„ ofxiDo ZnSo, + G^. 

ofniokel Ni8q, + 6H,0- 

6. Tmigilato of lime CaWO,. 

„ oflead PbWO,. 

Kcdybdate ofload PbMoO.. 
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Orthorhombic Type; — 

1. AzBeniouB acid ABjOg. 

Antimonioiui acid Sb^O,. 

2. Hydrate of alumina A1,H.0«. 

Ferric hydrate Fe,£L04. 

Manganic hydrate "NtL/A^O^, 

8. Carbonate of lime OaOO, (arragonite). 

„ ofbarytea BaCO^ 

„ of Btrontia SrGO,. 

., oflead PbBO,. 

4. Sulphate of lime OaSO«. 

„ ofbarytea BaSO^. 

„ ofstrontia SrSOf. 

„ oflead PbSO*. 

5. Perohlorate of potaasa KCIO.. 

„ of ammonia NH4O1O4. 

Permanganate of potaasa KMnOf. 

of ammonia NH4Mn04. 

6. Sulphate of soda Na,SO«. 

„ ofsUver Ag^SCV 

Seleniate of aoda NaaS604. 

., ofsilver Ag-SeOf. 

7. Snlphate of potaaaa E^04. 

II of ammonia N 04 8 04* 

„ of thallium T1,S04. 

Seleniate of potasaa IL6e04. 

Ghromate of potaaoa ^GrOj^i 

Ifanganate <n potaaaa K^Mn04. 

8. Sulphate of magneaia MgS04 + 7H,0. 

n ofzinc ZnS04 + 7H,0. 

„ of nickel NiS04 + 7H,0. 

,1 ofiron Fe804 + 7H,0. 

i. of cobalt Ck>S04 + 7H,0. 

9. Sulpnuret of antimony Sb,8,. 

,1 ofaraenic Aa-S,. 

10. Nitrate of potaaaa KKO.. 

„ ofammonia NILKOg. 

„ ofailver AglN'O,. 

11. Phoaphateofaoda KaH,PO. + HaO. 

Araeniate of aoda KaH,A804 + H,0. 

12. Hydrophoaphate of copper Cug(P(X.)OH. 

Hydroaraeniate of copper Ou,(Aa04}OH. 

n ofiino Zd1(AbO^)OH. 

18. Bitartrate of potaaaa 04HgKOc. 

n ofthallium O4H.TIO., 

11 BodiocKpotaaaio tartrate C4H4KNaOj + 4H.0. 

Sodico-thaUona tartrate 04H4TlNaO« + 4H,0. 

ShomMedrai ISfpef^ 

1. Araenio. 
Antimony. 
Biamuth. 

2. Alumina Al, Og (oanmdnm j. 

Ferric oxide FcgOg. 

Ferrico-titanic oxide FeTiOg. 

Ohromic oxide OrgO.. 

8. Carbonate of lime GaOO.(oalcite). 

II ofmagneaia MgCOg. 

Dolomite Mg}(>400g. 

Garbonate of manganeae MnOOg. 

I, ofzinc .. ZnCOg. 

.i ofiron FCOg. 

4. Snlphnret of cadmium OdS. 

„ ofzinc ZnS. 

5. Nitrate of aoda NaNOg. 

ff ofpotaaaa KNO.. 

6. HypoBulphateoflime .; 0aS,0g + 4H,O. 

„ ofstrontia Sr8,0« + 4H,0. 

„ oflead Pb8,Oj + 4H,0. 

7. Ghlorphoaphate of lime Gag(P04)>0L 

„ ofatrontia Srg(P04ya. 

„ oflead Pb|(P04)»01. 

8. FluoBirconateofnickel NiZrFlg + 6H,0. 

Fluoailicate of nickel Ni8iFIg + 6H,0. 

Fluoatannate of nickel NiSnFlg + 6ELgO. 

Fluoziroonate of zinc Zn Zr Fig + 6 H, O. 



JACK. S1G9 



Acid BBlenUte of potMW . . .. .'.' E H Bedi. 



Aaid aolptikto o( potMM EH80.. 



2. BolphBtoofUma CtiBO,4-2H,0(g7pnm). 

Beleniftto of lime Oa8eO, + 2H,0. 

3. Beleniftto of Dugnedft UgSeO, +7H,0 

ofoobalt CoSeO. + 7H,0. 

1. Snlphateoflnin FeS0, + 6H,O. 

„ ofoobslt CoBOt + 6^0. 

„ of mannuiege HnSO, + 6H,0. 

Salaiukte ofoobalt OoBeOi + 6£LO. 

0, DonblB BOlpluitee E,80, + R80, + 6H,0. 

Double nilphktM (NHJ^BO, + BSO, + «H.O. 

With B s 0»,Ni,Oo,FB,Hn,Zii,G(i. 

Zlnco-Uullooi «alphate Tl,SO, + ZQ80,4'6H,a 

6. BDliduteoCfodk Ni,BO,+ 10U,O. 

Seleniktaofaod* N»,8eO. + 10H,O. 

Ohiom*t«ofaod» Na, Or O, + 1011,0. 

7. PtuMphatoofMimoiiia (NH^yHFO.. 

AnaniateofKiiitwiiia (NHJ'HAjOy 

8. FlniMtamiateofoopper CdBdF1. + 4H,0. 



Flnoilliaataofoopper CiiBiFL + 4H,0. 

FlnotitaiiateofoopMr CaTiPl. + 4H,0. 

FloDXTtaiigBtBte of oo[fiar OttWFl40t+4H,a 



Flnotitaiiate of ooppw CuTi: 

FloDXTtaiigBtBte of ooffiar OttWriiVji- 

S. Flooxjnlobate of potan K,HNbOFI,. 



FlnortanDfttoofpotuM KiHSuFl^ 



1. Bnli^teofooppei .. CiiBO. + SH,0. 

„ of mBUguiew Ha B O, + S H, 0. 

„ ofiion FeBOj-1 

Belenlate {^ oopper 



MQ H u, i- n, u. 
FoBO, + 5H,0. 
Cn8eO,+ 5H,0. 
HnBeO. + Sfi;0. 



2. Biohiotnateofpt&ua K,Ct,Oj. 

„ of silvBi Ag,C&, Of 

. JAOE. Fr, CHo i cr^maSltrt ; Gm, Win* nut gtnaiuiirr Stange ; IfAi-, CrioOD ; BPAW, flute. 
The word jack \t oaed id an enf^neeriog sense to dedignste ft portable mMhioe, TUiouilj 
emutrneted, for nising great weigbta throogh a small epaoe, as by mrana of a pedeital la support, 
Figf. S81S to S85T, in whiob worlm a sorew, IsTer, rack and piDion, or ^ 

•ome oombination c^ simple mechanioal powers ; it is also generally 
s^ied to any wpeudage of a maobine, rendeiiiig 0(mTBiileDt serrioe, 
M tbe Tibnliag Wen M a slooldiig bams. 
The Hydnmlie Ziflin- '- " ""— """ '- 



he Hydnmiie Liftbu Jack, Figs. 4636 to 4639, wu Intiodnaed by 
IS Tangye. It ooiuMa of an mveried hydraniio press A, the lam 
lich Cmnu the Ibot upon whioh the JMkst*nd«, and the pnmpO 



of which C 

oir of water F aie fliei ^^, _-,_-. 

IS jack. 3^ nm O li of wrongbt 



and resenroir of water F are flzed on the oppocjte end ot the pi«*s- 
■ r, and fonn the hewl <rf the jack. T&o me ' ■■* 



Iron, 3) in. diameter aod 18 ln.Iei«;th of etnka, wHb the foot forged upon It; ud'theNMi- 
eylinder A U formed of a bammend wronght-iron bar, b«ed out of the idld, leafing | in. thiokaea 
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of metal for the sides of the cylinder. A claw B is forged on one side of the cylinder at the 
bottom, for the pnrpose of using the jack to lift from the bottom when required. The head F 
forming the reservoir of vrater is of malleable cast iron, fixed upon the top end of the cylinder by 
being bored out a tight fit and pressed on up to a shoulder. 

The jack is lowered by means of a self-acting motion connected with the force-pump lever. 
The length of stroke of the lever is limited in ordinary working, bv a stop-pin fixed on the side 
of the cistern, which catches the lever at the bottom of its stroke ; but by shifting the lever | in. 
outwaids upon the squared end of the shaft, it is made to clear this stop-pin, and is pushed down 
into a lower position. The suction-valve I, Fig. 4689, is forced open by the same movement that 
presses open the delivery-valve K by means of a small inclined plane upon the prolonged end of 
the plunger L, which passes through on eye in the stalk of the suction-valve I, ana draws back the 
valve from its seat directly after the delivery-valve K has been pressed open, allowing the water 
to flow back into the reservoir in thd contrary direction to the ordinary working. 

The ram of the jack is packed with a cupped leather D, shown black in Fig. 4636, resting in 
a hollow ^ in. deep turned in the top of the ram. These leathers have been found suooessful 
in standing the pressure and wear, the same leathers having been in re^ar work for several years 
vnthout requiring renewal. The force-pump plunger L in the lifting jack and also in the shears 
and punch is pa&ed with a narrow stnp of leather -^ in. wide, coiled round spirally in a groove 
turned near the bottom of the plunger, as in Figs. 4636 and 4639, with the ends of the strip 
bevelled off to fill up the groove cioae. 

The hydraulic jack in Fig. 4636 is for lifting 30 tons, and different sizft are made for weights 
from 4 to 60 tons. The head of tiie jack is prevented from turning round by a sliding block 
working in a longitudinal groove £ in the ram ; but by withdrawing the screw that fixes the 
block the head is allowed to turn freely with the load upon it. The hydraulic jack is convenient 
for use with heavy weights, from the great power obtained, one man being able to lift readily 30 
tons and upwards ; and from the lightness of construction, the 30-ton jack weighing about 1^ cwt. 
At the same time the loss of power from friction is comparatively snudl ; and the small extent of 
wear to which the working parts are subjected gives great durability and freedom from risk 
of derangement^ 

JAGK-SOBEW. Fb., VMn} Gsb., Schraubenwmde, 

See Jack. 

JACKET, STEAM. Fb., C^emiae du cylindre; Gbb., Dampf mantel ; Ital., Camieia, 

A jacket is an annular casing enveloping the cylinder of a steam-engin& and is filled with hot 
steam from the boiler, to prevent the liquefaction of the steam in the cylinder. That liquefaction 
does not, when it first takes place, directly constitute a waste of heat or of energy, for it is accom- 
panied by a corresponding performance of work. It does, however, afterwards indirectly diminish 
the efficiency of the engine ; for the water which becomes liquid in the cylinder, probably in the 
form of mist and spray, acts as a distributor of heat and equ&iizer of temperature, abstracting heat 
from the hot and dense steam during its admission into the cylinder, and communicating that 
heat of the cool and rarefied steam which is on the point of being discharged, thus lowering the 
initiiJ pressure and increasing the final pressure of the steam, but lowering the initial pressure 
much more than the final pressure is increased, and so producing a less energy which cannot be 
estimated theoretically. Accordingly, in all cases in which steam is expanded to more than three 
or four times its initial volume, it has in practice been the custom to envelop the cylinder in a 
steam-jacket. The liquefaction which would otherwise have taken place in the cylinder, takes 
place in the jacket instead, where the presence of the liquid water produces no bad effect ; and 
that water is returned to the boiler. 

In double-cvllnder engines it is usual to have steam-jackets round both cylinders ; but In a few 
examples in which the smaller cylinder is jacketed, the liquefaction is found to be prevented, 
showing that the steam during its passage from the small into the large cylinder receives 
sufficient heat either directly from the small cylinder, or indirectly by conduction from the small 
to the large cylinder, to prevent any appreciable portion of it ftom conaenaing. It is desirable that 
a small quantity of the steam, not appreciable in calculating the efficiency of the engine, should 
be liquefied, in order to lubricate the packing of the piston. This generallv does take place in 
jacketed engines, and is probably the effect of attraction between the putides or water and the metal. 

Spite, however, of the above considerations, many engineers now consider the use of a steam- 
jacket a doubtful advantage. 

See BoiLEB. Dbtails or Engtmbs, p. 1195. 

JACQUABD LOOM. Fb., Machme jaoquarde; Gbb., Jaoquardmaachme ; Ital., 7Wa»o alhj 
Jacquard; Span., Telar de Jacquard, 

See Loch. 

JENNY. Fb., Machme a filer en fin, Jeannette; Gbb., Femspinntnaschme, Jenny; Ital., Mali- 
neUo da filare ; Span., Mdtjuina de hilar. 

See Cotton Machinery. 

JETTY. Fb., JeWe deport, Muelle; Geb., Kafendamm; Ital., Molo; Span., Muelle. 

An erection projecting into the sea, of the nature of a pier, with open spaces for the sea to play 
in, mostly constructed of timber. See Pibrs. 

JOGGLE. Fb., Sntaille h crAnaillire; Gbb., Zahneinschnitt. 

A joggle is a joint between two bodies, so constructed by means of jogs or notches as to prevent 
their sliding past each other. See Joints. 

JOINTS. Fb., Joints ; Gbb.. Stossy Fuge ; Ital., Ouintura ; Span., Juntas, 

Onie places or parts in whicn any two pieces of material meet are called joints, as the joints 
between two pieces of timber. Figs. 4640 to 4677 show various arrangements of joints used in 
jfunery lor panels, interior and exterior angles, and similar purposes. 

Fig. 4640 is of a joint formed by plftaing the edges of a board perfectly true, and inserting 
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wooden or iron pins at interyals into the edge of both boards. Tlio pin is called a dowel, and the 
joint in said to be doweled. 

Fig. 464l/a joint formed by grooying and tongning, or, as it is otherwise termed, grooving and 
feathering, ploughing and tongning or feathering. 

Those two last joints are commonly nsed for floors. The first is used without the dowels in 
ordinary folded floors. The shrinking of the boards in this case causes the joint to open, and the 
Rir and dust to pass through. The grooved and tongued joint is used in tiie better kind of floors. 
The tongue or feather prevents the passage of air or dust. 



4M0. 
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4643. 
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Fig. 4642, a double-tongued or feathered joint. Fig. 4643. a combination of a rebate with a 
groove and tongue. It affords in flooring a better means of hailing. In Fig. 4644 the groove and 
tongue are angular. 

Fig. 4645, a kind of ^n'ooving and tongning resorted to when the timber is thick, or when the 
tongue requires to be stronger than it would be if formed in the wood itself. In this mode of 
jointing corresponding grooves are formed in the edges of the boards, and the tongue or feather is 
formed of a slip of harder or stronger wood, called a slip-feather. 

Figs. 4646 to 4648 are slip-feather joints. The feather in Fig. 4648 is wrought iron. 

Fig. 4649 shows dovetail grooves, with a slip feather of corresponding form,'which must be 
inserted endways. 

Fig. 4650 is a simple rebated joint. One-half of the thickness of each board is out away to the 
same extent, and when the edges are lapped the fiur&ces lie in tlie same plane. 



4646. 
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Fig. 4651, a complex mode of grooving and tongning. The joint is in this case put together by 
sliding the one edge with its grooves and tongues endways into the corresponding projections and 
recesses of the other. The boards, when thus jointed together, cannot be drawn asunder laterally 
or to their suriSause without rending ; but in the event of shrinking there 1b great risk of the wood 
being rent. 

Where a great surface has to be covered with boarding not framed, the deals are cut into 
narrow widths, and jointed at their ed^es by some of the joints just described. Fig. 4641 shows 
the »imple groove-and-tong^e joint, which shrinkage of the wood will cause to open and disfigure 
the work. To prevent this disfigurement, a BmaO moulding, termed a bead, is sometimes run 
on the edge of each board. 

The joint thus forms one of the quirks of the bead, and prevents any slight opening beiag 
observed. This is termed a grooved tongued and beaded joint 8o also in the case of the rebated 
joint, a bead is run on the e&es of the board, and this is termed a rebated and beaded joint. 

In joining angles formed by the meeting of two boards various joints are used, among which 
are; — 

Fig. 4652, the mitre-joint, used in joining two boards at right angles to each other. Each edge 
is planed to an angle of 45^. 

Fig. 4653, a mitre-joint keyed by a slip-feather. 

Fig. 46.54, a roitre-joint when the boards are of different thickness. The mitre on the thicker 
piece is only formed to the same extent as that on tiie edge of the thinner piece ; hence there is a 
combination of the mitre and simple butt joint 
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Fig. 4655 shows a different mode of joining two boards of either the same or different thick- 
nesses. One of the boards is rebated, and only a small portion at the angle of each board is 
mitred. This joint may be nailed both ways. 

In Fig. 4656 both boards are rebated, and a slip-feather is inserted as a key. This also may be 
nailed through from both faces. 

Figs. 4657, 4658, are combinations of grooving and tongning with the last described modes. 
These can be fitted with sccnracy and joined with certainty. 

Fig. 4659 is a joint formed by the combination of mitring with double grooving and tongning. 
Fig. 4651. The boards mu&t in this case be slipped together endways, and cannot do sepurated by 
a rorce applied at right angles to the planes of tneir smrfaces. 

In all these mitre-joints the faces of the boards meet at the angle, and the slight opening which 

6 T 
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might be caused by shrinkage wonid be scarcely observable. In the butt-joints which follow, the 
face of the one board abuts against the face of the other, the edge of which is consequently in 
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the plane of the surface of the first board, and the shrinkage of which would cause an opening 
at the joint. To make this opening less apparent, is the object of forming the bead-moulding. 
Figs. 4660 to 4664. 

In Fig. 4660 the thicker board is rebated from the face, and a small bead formed on the external 
angle of the abutting board. 

Fig. 4661, a groove is formed in the inner face of the one board and a tongue on the edge of the 
other. 

Fig. 4662, the boards are grooved and tonffued as in the last figure. A cavetto is run on the 
external angle of the abutting board, and the bead and a cavetto on the internal angle of the other 
board. 

Fig. 4663, a quirked bead run on the edge of one board, and the edge of the abutting board 
forms the double quirk. 
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Fig. 4664, a double quirk bead is formed at the external angle, and the boards are grooved and 
tongued. The external bead is attended with this advantage, that it ia not so liable to injure as 
the sharp arris. 

In Figs. 4665, 4666, the joints used in putting together cisterns are shown. Figs. 4667, 4668, 
are joints for the same purpose. They are of the dovetail form, and require to be slipped together 
endways. 

4667. 4668. 4669. 4670. 
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Figs. 4669 to 4674 show the same kind of joints ns have been described, applied to the framing 
together of boards meeting in an obtuse angle. 

Figs. 4675, 4676, show methods of joining boards together laterally by keys in the manner of 
scarfing ; and Fig. 4677, another method of securing two pieces, such as those of a circular window 
fram-head by keys. 
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DovetailJoint. — This joint has three varieties; — the common dovetail, where the dovetails are 
seen on each side of the an^^le alternately ; the lapped dovetail, in which the dovetails are seen 
only on one side of the angle ; and the lapped and mitred dovetail, in which the joint appears 
externally as a common mitre-joint. The lapped and mitred joint is useful in salient angles, in 
finished work, but it is not so strong as the common dovetail, and therefore in all re-entrant angles 
the latter should be used. 

The three varieties of dovetailjoint above enumerated are illustrated in Figs. 4678 to 4691. 

Fig. 4678 is an eleyation .* Fig. 4679 a view in perspective ; and Fig. 4680 a plan of ih» 



'e marked A, and 





The meeting Ot two pieoeB of wood is oslled in caipentry the joint, which ii cirouDuoHbed b; 
the line* wbieb mark the iuteraection of the ttaea ot one pieoe with the other. The end of > piece 
of wood properlj eat to be kdjosted in contact with anothei ineoe ia oalled its abutment That ■ 
joint may be at the nme time simple and eas^ of eieontion, it la none— arr that the bearing fseea 
•honid be planed ot the Mme liie and ihape in relation to the planes of the ales. This ran only 
take place when two taoee of each pleoe are perpendicular to the same plane, and the other two 



on the other, they are nid to abut or are joined by a plain-joint. This mnde of JoioiDg doea not 
prevent the one piece atidlng on the other, unlesa it is faitencd with nails or bolts. 

The patting together of two pieoes of wood ma; be effected in Tarioos ways—My that tbey 
meet and form an angle : then this mode has three casea : — 

1. The end of one pieoe may bear upon a point in the length of the other. This case is the 
most frequent, and givee rise to the mortise-and-tenon joint, the ji^gle-joint, and to all those which 
are modidcatkma of these two. 

!. The two piece* oan be joined mntnally by their extremities nndar any angle whataTW. 
This forms the angle-joint 

3. They may cmss <m1> olbcr ; and this reiult is the oolob-joiat. 
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Two pieces of \food may be. joined in a right line by lapping and indenting the meeting ends 
on each other. This is called scarfing. 

Two pieces of wood may be joined longitudinally end to end, the jolQt being secured bv 
covering it on opposite sides by pieces of wood bolted to both beams. This pzooess is termed 
fishing. 

It ia TGc^maite to consider the joint as formed by two pieces only, because joints formed by more 
than two pieces can always be resolved into this. 

The mortise-and-tenon joint is the principal of the greatest number of the other joints. It is 
necessary therefore to describe it first at length. 

In the simplest case of tenon-and-mortiae joint the two pieces of wood meet at right angles, 
Fig. 2069. The tenon is formed at the extremity of the upper piece in the direction of its fibres and 
parallel to its axis by two notches, which take from each side a paiallelopipedon. The planes of 
the sides of the tenon are always parallel to the face of the upper piece and the other planes of the 
notch at right angles to it. The mortise is hollowed in tne face of the lower piece, and is of 
exactly the same size and form as the tenon which therefore fills it. The two sides of the mortise 
which correspond to the breadth of the tenon should be parallel to the direction of the fibres of the 
wood. The sides of the mortise are called its cheeks ; and the square parts of the timber from 
which the tenon projects, and which rest on the cheeks of the mortise, are called the shoulders of 
the tenon ; and its springing from these is called its root. As the cheeks of the mortise and the 
tenon are exposed to the same amount of strain in a system of framing, it follows that each should 
be equal to one-third of the thickness of the timbers in which thev are made. The length of the 
tenon should be equal to the depth of the mortise, so that its end should press home on the bottom 
of the mortise when its shoulders bear upon the cheeks ; but as perfection in execution is not 
attainable, the tenon, in practice, is always made a very little shorter than the depth of the mortise, 
that its shoulderB may come close. 

When the mortise-and-tenon joint is cut, adjusted, and put together, the pieces are united by a 
key or treenail. The key is generally round, with a square head, and in diameter is always equal 
to a fourth part of the tenon. It is generally insertea at the distance of one-third of the lengw of 
the tenon from the shoulder ; but a key ehoiud never be depended upon as a means of securing the 
joint, for the immobility of a system of framing should result from the balancing of the forces 
and the precision of the execution. A frame fixed definitely in its place should be stable and 
solid without the aid of keys, which are to be regarded as mere auxiliaries, useful during its 
construction. 

If the endeavour is made to apply the same manner of forming the mortise and tenon when the 
timbers are not at right angles, but oblique, several disadvantages arise. 

If there were no other inconveniences the impossibility of inserting the tenon in the mortise 
when the pieces form a portion of a system would preclude its adoption, as it would require to be 
thrust into the mortise in the direction of the arrow ; but added to this there is the difficulty 
of working the mortise, and the tendency of the thrust of the tenon to rend the lower piece. 

All these inconveniences are remedied in a very simple manner by truncating tne tenon on 
the line a/, as shown in Fig. 4692, by a plane perpenoicular to the axis of the mortise-piece. 
The execution is thus rendered easy and exact, the evil from the thrust of the tenon obviated, and 
the pieces can be put together by dropping the tenon-piece vertically into the mortise. 

This is the simplest form of the mortise-and-tenon joint for oblique thrusts ; but the only resist- 
ance offered to the sliding of the tenon-piece along the mortise-piece is aS&ced. by the strength 
of the tenon, which is quite insufficient m large carpentry works, and it is therefore necessary to 
modify the form so as to bring new bearing surfaces into action. 

Fig. 4692 shows the joint formed by the meeting of a principal rafter and tie-beam, c being the 
tenon. The cheeks of th mortise are cut down to the line <f /, so that an abutment edia formed of 






4693. 




the whole width of the cheeks, in addition to that of the tenon ; and the notch so formed is called 
a joggle. Fig. 4693 shows the parts detached and in perspective. It will be seen that a much 
larger bearing surface is thus obtained. 
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Fig. 4693 is a geometrical elevation of a joint, differing from the laet by having the anterior 
part of the rafter truncated, and the shoulder of the tenon returned in front. It is represented in 
perspective in Fig. 4694. 

Fi^. 4606, 4697, show the geometrical elevation and perspective representation of an oblique 
joint, m which a double abutment, as de. Figs. 4692, 4693, snould be perpendicular, df; and in 
executioli the joint should be a little free at/, in order thiit it may not be thrown out at d by the 
settling of the framing. The double abutment is a questionable advantage; it increases the 
difficulty of execution, and of course the evils resulting from bad fitting. It is only allowable 
whero the angle of meeting of the timbers is very acute, and the bearing surfaces are consequently 
very long. 

Figs. 4698, 4699, show a means of obtaining resistance to sliding by inserting the piece o 
in notches formed in the rafter and the tie-beam; de shows the mode of securing the joint by 
abol^ 
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Figs. 4700, 4701, are of a very eood form of joint, in which the place of the mortise is sup- 
plied by a groove c in the rafter, and the place of the tenon by a tongue d in the tie-beam. As the 
parts can to all seen ^ey can be more accurately fitted, which is an advantage in heavy work. 
In Fig. 4700 the mode of securing the joint by a strap a b and bolts is shown. 

Figs. 47^ 4708, are another mortise-joint^ seoured by a strap a b and cotter or wed^e a. 

Fig. 4704 shows the several joints which occur in framing tne king-post into the tie-beam and 
the stmts into the king-poet. A is the tie-beam ; B, the king-post ; and c and D, struts. The 
joint at the bottom of the king-post has merely a short tenon e let into a mortise in the tie-beam. 
The abutment of the stmt D is made square to the back of the strut, as far as width of the king- 
post admits ; and a short tenon / is inserted into a mortise in the king-post. The abutment of the 
joint of c is formed as nearly square to the stmt as possible. 

The term king-post gives quite an erroneous notion of its function, which are those of a 
suspension-tie. I&nce the necessity for tbe long sfirap do, bolted at dd^ seoured by wedges at c, 
in tne manner more distinctly shown by Fig. 4706. 
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Fig. 4705 shows the queen-post. A is the tie-beam; B the post, tenoned at «: c the stmt ; 
and D the straining-piece ; the strap, ba; and bolt, dd. 

Fig. 4707. In this figure a superior construction is shown, in which a king-bolt of iron, D, 
is Buntituted for the king-^ost. On the tie-beam a is bolted, by the bolts a«d/, the cast-iron 
plite and sockets abcd^ the mner parts of which, hg,hg^ form solid abutments to the end of the 
stmts BB. The king-bolt passes through a hole in the middle of the cast-iron socket-plate, 
and is secured below by the nut D. A bottom ptote, ef, prevents the crushing of the fibres by the 
boltsL 



FiffB. 4708 to 4714 show vsHodb methods of framing Ihe head itf the nAera and klng-poertB b; 
the aid ofBtrapa n&d bolts. Fig. 4715, the head ottbe nfters halved and bolted at their Jnnotioo, 
and a plata laid over the apes to snataja the bolti which are substituted for the kiog-post One 
bolt oeceeaaiil; Las a luk formed in it for the other to pus thiough. 




rafters A A, and 1 



le king-bolt, Fig. 4707, 
. « the tenone ta of the 

la a hole through it for the bolt, the head of which, A, is ootmtersiiak. B is the 



3 is tlie boll, F the sooket-pleoe, and E the rid^pieo 




Fi^. 4717 to 4721 ilhmtTate the modo of f^omio^ logetltor the priDcipel laftor, quten-posl, and 
Irainiiig- piece. In the first three eiamplea the jointe are secured b; itrape and bolts, and in Ibe 



cigf. 4722, 4TIS, ftK Dtodea of Moming the junctioD (^ Uie colltr-bcain uid nfl«r* bj 
Mpt ; and Figa. 4721, 1729, model of Monriog the jimation of the atrut and the laftar l^ 





direction (^ their length, in order to procure acantlingBorBofficieDt longitudinsl dimengioDi. When 
it ia neceoaary to maiutaiD the saJne depth and widtb in the lengthened beam, the mode of joining 
oaUed Bcwflng is amployed. Scarfing la performed ia a Tsriet; of vajB, dependent upon whether 
lengthened be&m ia to be sabjected to a longitudinal or tiBUBTeiBe attmin. Tbia method of joining 
i« illaitrated in Figa. 1726 to 4741. 

In Fig, 1726 a part of the thicknesa is eat oblionely from the end of each piece, and being 
lapped over each other the joint ia aeeored b; bolts. In tlia case tbS joint depend* entirely on the 
bolta. Iron ^latea are interpcwed between the onta and the timber, to prevent (be «crewing up of 
the nnla injoriug the beam. 
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In Pig. 1727 a key ia added in the middle of the joint, notched eonall; into both beama. In 
Fig. 4728 the Joint ia impioTed by its aurface being indented on each joint and the key driven 
between. Id Ihia example continuona platea of iron are placed to prevent injury from the bolta. 
Figa. 4729 to 4734 are all Tarialiona of the Uat flgnre. In Fig. 473S the beama are halved logelhei 
rerllcelW. aa in Figa. 4736, 4737. They are faeycd at the centre and accured by iron itrapa. In 
Figa. 4'^, 1739, ths joint ia made much larger and halved; the rnd of each beam ia acsrfed 
and keyed, aa in Fig, 172B : and the joint ia aecured by two atnpa and aeven bolta. Fig. 4738 
ia the a'ide, and Fig. 4739 the top of the beam. 

Fin. 4740, 4741, areezampleaofscarfa formed by the interpOBition of a third piece b. 

Wun the beam doea not lequin to be of the aaDiB dimenaiona throughout. It ia . 
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lengthenen by the pzooom tenncd fishing. The ends of the beams, a a. Fig. 4742, aro abatted 
together, and a piece of timber, 6 6, is olaced on each side, and secured by bolts and keys. 

Fig. 4743 ifl an example of a fished beam, in which the fishing-pieoes 6 6 and timbers a a are 
tabled, and indented and keyed together. 
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Dovetailing and Halrmg. — ^Fig. 4744 shows two pieces of timber joined together at right angles 
by a dovetailed notch. As to dovetails in general, it is necessary to remark that they should never 
be depended upon in carpentry for joints exposed to a strain, as a very small degree of shrinkage 
will allow the joint to dnw considerably. 
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Figs. 4745, 4746, show modes of mortising wherein the tenon has one side dovetailed or 
notched, and the corresponding side of the mortise also dovetailed or notched. The mortise is 
made of sufficient width to admit the tenon, and the dovetailed or notched faces are brought in 
contact by driving home a wedge c. Of thete, Fig. 4746 is the best. 

Fig. 4747 shows the halving of the timbers crossing each other. Fig. 4748 a joint similar to 
those in Figs. 4745, 4746, but where the one timber b ia oblique to the other a. 



4747. 



4748. 



4749. 




475U. 

Figs. 4749^ 4750, show the mode of notching a collar-beam tie into the side of a rafter by 
a dovetailed joint. The general remark as to dovetailed joints applies with especial force to 
this example. 

Joints in Jftfto/.^Figs. 4751 to 4774 indicate the methods of uniting the edges of metals after 
they have been cut and bent to meet in angles, curves, or pkme surfaces. 

Figs. 4751, 4752, are for the thinnest metals, whidi require a drop of soft solder on one or other 
side. Sheet-lead and tin are thus joined, and both are usiially soldered from within. 

Figs. 4753, 4754, are the mitre and butt joints used for thicker metals with hard solders. 
Sometimes Fig. 4754 is dovetailed together, the edges being filled to correspond coarsely ; they are 
also partly riveted before being soldered fi!om within. These joints are weak when united with 
soft solder. 

4751. 475X 7S3. 47S4. 4755. 4756. 




Fig. 4755, a lap-joint; the metal Lb creased over the hatchet-stake. Tin plate requires an 
external layer of solder ; spelter solder runs the crevice, and need not project. 

Fig. 4756 Ib folded by means of the hatchet-stake ; the two arc then hammered together, but 
require a touch of solder to prevent them from sliding asunder. 

Fig. 4757, the folded angle-joint, used for cashboxes, and other strong works in which solder 
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wonld be inadmiesible. It is oommon in tin and oopper works, bnt less so in iron and zinc, vMoh 
do not bend so readily. 

Fig. 4758, a riveted Joint, which is commonly used in strong iron-plate and oopper works, as in 
boilers. Generally a rivet is inserted at each end, then the other holes are punched through the 
two thicknesses with a punch, on a block of lead. The head of the rivet is put within, the metal is 
flattened around it by placing the small hole of a riveting set, over the pin of the rivet, and giving 
a blow ; the rivet is then clinched, and it is finished to a circular form by the concave hollow in 
another riveting set. When the works cannot be laid upon an anvil or stake, a heavy hammer is 
held Rgainst the head of the rivet to reoeive the blow ; in larger works machine tooLs are used for 
riveting. 

Figs. 4759, 4760, the plates a a are punched with long mortises, then 6 6 are formed Into 
tenons, which are inserted and riveted ; bnt in Fig. 4760 the tenons have transverse keys tc enable 
the piurts to be separated. 
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Fig. 4761, the one plate uiakes a butt-joint with the other, and is fixed by L-formed rivets or 
screw-bolts s ; the short ends are generally riveted to the one plate, even when screwed nuts are 
used. This joint is very common in stovework. 

Fig. 4762 is the mode universally adopted for very strong vessels, as for steam-boilers, in which 
the detached wrought-iron plates are connected by angle-iron. The rivet-holes are punched or 
drilled. The rivet r is made red hot, handed to the workman within the boiler, who drives it in 
the hole ; he then holds a heavy hammer against its head, whilst two operators clench it up from 
without ; between the hammering and the contracting of the metal in cooling the edges are brought 
together into intimate and powerful contact. Bolts and nuts, 6, may be used to allow the removal 
of any part, as the man-hole of the boiler. 

For the curved parts of the boilers the angle-iron is bent into corresponding sweeps, and for the 
comers of square boilers the angle-iron is welded together to form the Uiree tuls for the respective 
angles or edges which constitute the solid comer. 

When several plates are required to be joined together to extend their dimensions, or the edges 
of one plate are united as in forming a tube, the joints are arranged as in Figs. 4763 to 4773, 
similarly to those for angles, but from which they differ in several respects. 

Fig. 4763 is the lap-joint, employed with solder for tin plat&i, sheet lead, and for tubes bent up 
In these materials. 

Fig. 4764. the butt-joint, used for plates and small tubes of the various metals. United with 
the hard solders they are moderately strong, but with tin solder the junctions are very weak from 
the limited measures of the surfaces. 

Fig. 4765 is the cramp-joint. The edges are thinned with the hammer, the one is left plain, the 
other 18 notched obliquely with shears from ^ to f of an inch deep; each alternate cramp is bent 
up, the others down, for the insertion of the plain edge ; they are next hammered together and 
brazed, after which they may be made nearly fiat bv the hammer, and quite so by the file. The 
cramp-joint ia used for thin works requiring strength, and, nmongst others, for the ports of musical 
instraments. Sometimes Fig. 4763 is feather-edged : this improves it, but it is still inferior to the 
cramp-joint in strength. 

4761. 4766. 4768. 

47C3. 



r 



4764. 

"T" 



3 






4767. 



4766. 





}S;-y.':N->*?-'' .^^fWvVXxv^^w-^o \- .-^^ 



Fig. 4766 is the lap-joint without solder; it is set down flat with a steam-set, and used for 
smoke-pipes and other arrangements not required to be steam or water tight 

Fig. 4767 is used for zinc works ; it saves the double bend of Fig. 4766. , .v j 

Fig. 4768, the roU-jomt employed for lead roofs. The metal is folded over a wooden nb, and 
requires no solder; the water will not pass through this joint until it exceeds the elevation of the 
wood. Tlie roll-joint is less bent when used for zinc, as that material is rather brittle : the laps 
merely extend up the straight sides of the wooden roll, and their edges are covered by a half-round 
strip of zinc nailed to the wood. 

Fig. 4769, a hollow crease used for vessels and ohnmbers for making sulphurio acid ; the metal 
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IB Bcraped perfectly clean, filled with lead heated nearly to rednen, and the whole are united by 
burning, with an iron heated also to redneas. Thia meUiod Ib, howeyer, nearly saperseded by the 
mode of antdsenooB soldering. 

Figa 4770, 4771, are commonly employed either with rivetB or Bcrew-bolts ; the latter joint ia 
common in boilera, ixyth of copper and iron, and alao in tnbea. Copper works are f reqnentiy tinned 
all oyer the ii?et8 and jointB, to atop any minute fiaaorea. Fig. 4770 is the flange-joint for pipes. 
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Fig. 4772, with riyets, is a common mode of uniting plates of marine boilers, and other works 
lequirod to be flush externally. 

Fig. 4773, a mode of conBtrucHng the largest iron steam-ships. The ribs of the yeesels are 
made of T'^^n, yarying firom about 4 to 8 in. wide, which is bent to the curve by the employmeut 
of yery large sur&ce-plates cast full of holes, upon which the wood model of the rib is laid down, 
and a chalk mark is made around its edge. Dogs or pius are wedged at sLort interyals in all those 
holes which intersect the curye ; the rib, heated to redness in a reyerberatory furnace, is wedged 
&st at one end, and bent round the pins by sets and sledge-hammers, and as it grows or yields to 
the curye, eyery part is secured by wedges until the whole is completed. 

Fig. 4774 is a bayonet-joint. On turning the part A it is released from the L-b^P^ ^^ot in 
the Booket B, when it can be withdrawn. 
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Fig. 4775, a ball-and-socket joint arranged for tubing. Figs. 4776, 4777, two kinds of uniyersal 
joints. 

See CoHflTBUonoy. Hand-Tools. Machine Tools. 

JOINTS, BIVETED. Fb., Joints rxv€s; Geb., VemieUter 8tou; Ital., Guintwra ribadUa; 
Span., Juntas con rMmes, 

See CoBBOBiON. Ibon Shipbuildino. Jonrrs. BiyETiNQ. 

JOISTS. Fb., PoutreUe; Geb., Kleine Balken; Ital.. Trace; Span., Viguetas. 

Joists are small pieces of timber resting on the wall or the girders in a house, and to which 
the boards of a floor or the laths of a ceiling are nailed. Bee Oonstbuotion. 

JOURNAL. Fb., l\mriUon ; Geb., Drekzapfen. 

The short cylindrical portion of a shaft or other reyolying piece, which turns in some other 
piece, or in a sum)ort called a /ottniaA.boz ; a bearing. SeeAxLB. 

JOUBNAL-BOX. Fb., Bcite de tourillon; Geb., Zapfenhger; Ital., Bronzina; Span., Caja 
donde gira un eje. 

The journal-box is that part of a machine in which the journal of a shaft, axle, or pin bears and 
moyes, strictlya box in two or more parts, so that it can be opened and adjusted ; called also 
simply box. When there is a separate piece enclosed by the box and bearing on the journal, this 
piece is termed a brass. See Joubnal. 

KEELS AND GOAL SHIPPING. 

In the early days of English coal shipping, the coals were brought down to the edge of the 
riyer in wagons, and there put into keels, which were broad, flat-bottomed barges, each containing 
a keel of coals, or 8 Newcastle chaldrons = 21 tons 4 cwt. 

On the riyer Tyne there were many collieries haying communication by railways to shipping 
places, where yessels could load, as in the case of the W^B-End Colliery. The mode of shipment 
was by spouto, in their general principles similar to those adopted by T. E. Harrison at the Tyiie 
Docks, but without, for a long time, any arrangement for meeting the difference in the leyel of the 
tide and in the size of the yesseL When keels were used, the coals were brought down in them to 
where the yesael lay in the riyer, and they were then cast into the yessel through the porthole by 
the keelmen. 

The first innoyation on the apout system took place in the year 1812, when a coal-drop was erected 
on the riyer Tyne by Benjamin Thompson, and further improyed by him in 1813. The principle 
of this mode of ahipping coals was the inyention of W. Chapman, out the credit of 4)ringing the 
Bystem into piaotioal operation is due to Thompson. The dropa, Figa. 4776, 4779, ua erected by 
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bim in 1S13, hftve been seDently fbllowed, with nriona ntodifleationa. The principle ot nil tbeM 
diopa ia, that th^looded wogoa in its deeoent taiMS a aoiinteibakilue weight ; and when tile ookli 



■je let ont of the wftgun, the aoinitaib*Uiic« weisht bringa the wBgon beok to ita prevloDi poei- 
tlon, the whole being ouder the ocmtiol of powerRil fankes. 

The fltst oluuiKe on the keel tjtXem took plooe on the Htbi Wear in the jttt 1S17, when. In 



oidar to sToid the breakkge to whl^ the cool) were nitneot bj tnn»iblpnient, nrat to the keel utd 
thai bom the keel to the ship, a tyttera ot tnbe, Pigs. 4780; 4781, fitted Uito the keela, wm Indented 
by W. fielL The ohaldron wegoni were lowered Immediatelj OTer the keel, and then dropped 
into the tohi: the tab* were thm ccniTCTed In the keels, and tnuuferred bj the maobinctr to the 

^ga. 4766, 4787, are a eMnbination of both Bell end Tbompaon's plans, thu iTstem of tuba and 
'~-'^t being both retained. Another s^item. Fig. 4782, which U atill at work, wa* 



iterwd^i 
edinStm 



bi the Tear 192^ a private line of railway was made to Bondeclend foi* the oollieriee. mnce the 
pi^ertjoi tbe Eariof Dnrham. TheccnlB wera there loaded diieot Into the ihipa by drops. Tig, 
47E9. Theae were the flnt drope ereot«doD tbe rfrer Wear. Flga. 4784, 4765, ere a modiflcatica 
of this plan, which Is very ginerslly used. 

In detennining the ayatwn to be adopted in the l^ne Docks, the question lay between dropa, by 
which the wagon wonld be lowered direolly on to tlie deck ot the veaeel, and a aystem of sponta, 
with more poneot apnlianoea for preTenting the Iwmkage of the coals. After matnre delibention, 
watching carefnlly tbe beat-fonatnirted aponta, iind oonaideHng not only what ezigled, bnt what 
mi^t be dcme, TT E. Hairiaon, the Ii^gineer to the Docks, decided to adopt the qralem of atipping 
by aponta. 
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The simugement of the apotite, and tite moite of adjnstiog Uiem to tho le?Gl of the veMela, are 
shooD in Fibs. 4788, 4789. The variation in the level of the deok of a large ship when liirht, and 
at higb water of a spring tide, and iii the 

level of tho dock of » amoll veaad, loaded, 4)si. 

at a neap tide, ia 20 ft., and it was neoes- 
■ar; to provide for this diffotenoe. 

In arranging the inolinatiou of the 
■poQt^ it vraa Essential to Bscertain the 
angle at wbioh the ooala would elide on 
smooth iron pistes without rolling. Thia 
was teeted under a great variety of oircmn- 
Btances, and with everr deeerlption of ooal, 
when it was found that an angle of 50° 
would meet every oircomstanoe. In order 
to allow for the varying letel of the abip'a 



re made to deliver the coals at fbnrdiCfereut levels. The diStienra of level tiot 
provided for U made up by giving a greater or len inolination to tlie apouL For a very large vessel, 
' aapeotiil drop Is erected altne endj the vsgoni are brought immediately over a targe iiopper, tnffl- 
dentlf long for three ohaldioo wagons, or two 8-ton waguna, to be empued at once. The ooal* are 
directed into any one of these dinslons hy the opening or shotting of trapdoors turning on hinges and 
well balanced, so as to be easily moved ; the spout ia also raised or lowered in guides, and is worked 
bv winches, the men standing on the luvel at which they work when shipping ooals. Traps at 
Tided for reguLiting the detoent of the oools into the ship. In aome cases the : 



Tided for reguLiting the dowent of the oools into the ship. In aome casesUie sponts are made tc 
slide in a fruine turning on a pivot, the object being to give a greater range Inia the ahip'i hold, 
pwticnlnrly with screw ooUici^ and thni to ovoid the necessity of moving the ship*. This part ol 
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the arrangement has proved to be Yeaty oaefal. The moving of the spent having been fonnd to be 
rather a heavy lift for the men, this is now in oooiBe of being remedied hj the addition of counter- 

In practical workmg, when ahippmg ooals^ the plan adopted is to keep the spont as nearlj full 



4789 




as possible, merely letting the coals slide sufficiently down to allow of the next wagon being 
teamed ; so that though in the first filling of the spout, or on altering the level of the spout, the 
coals have a few feet to fall, yet this only applies to a small quan&ty of coal. Afterwards the 
whole mass descends slowly, and no further breakage takes place. When these pdnts are carefhlly 
attended to, as little breakage takes place by this system as by any other. 

The jetties on which these shipping places are erected. Figs. 4790 to 4793, are carried out into 
the dock at the end next to the standage-ground for coals. Each shipping jetty has ten shipping 
places. These shipping places are 100 ft. from centre to centre, and are so arranged that the 
vessels overlap eacn other. This plan has been found to work very well in practice. The lower 
portion of the timberwork of the jetties is thoroughly creosoted. That above the level of the quay 
is kyanized. No timber is used in any situation about the dock works which is not either creosoted 
or kyanized. 

In making these different arrangements, the saving of manual labour has been a primary con- 
sideration, and gravity has been called into operation to the utmost possible extent. The plan 
and section of the standage>ground. Figs. 4794, 4795, show the general arrangements, and afford 
a good idea of the mode by which the working is carried on. The sidings from A to B are those 
into which the locomotive engines bring their wagons, and are on an inclination of 1 in 132. 
From these sidings the wagons are sorted by gravity into one or other of the fourteen sidings 
between B D. The two centre lines are reserved as travelling lines for coals going directly on 
arrival to the jetty for shipment. This sorting, ftom the point where the locomotive leaves the 
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swilohes and ouiTas of 1 in 66. When the wagooa nre mnted Tor ahlpment, they Me brooght oat . 

of Uie aidingB, uid desoend bj grkrity 

mider the ohaiee of men, who deposit tliem 

S8 near m poatnble to the spout. In order 

tliat codU from any one Bidiag may go to 

aiiT one spont, all the lines from these 

sidings are brought into one line at E, Figs. 

4794, 4795, at vhioh point they pass OTer 

a weighinu; machine. When passing over 

this machine, at a rate not exceeding too 

milea an hoar, tha we^ghls are ewily 

a brsaoh 
_ .. . Douts, and the WBgotig 

■ are directed into their propel roads by 
Bwilchea, the working of vbioh is attended 
to by a man. The handles for working 
the switches are nil brought to one fbena, 
at the weighing machine, by means ofroda. 
There is a considerable anKmnt of standage 
provided for each spont, the standage being 
on inclinations varying from 1 in 132 to 
I in 100. Whero Ine wagons descend from 
this standage to the spoutB, the inclination 
vMiea from 1 in 20 to I in 87. The prin- 
ciple (in which these shipping jetties are 
constructed is, that all the wagons are 
emptied, and are then returned along two 
lines, one on edoh side of the jetty. These 
lines are on an inclination of I in 100. 
The impetus of the loaded wagons in de- 
Boending, carries them op this gradient, to 
or b«m>nd the places where th^ are to be 
emptied; and when emptied, gravity lakes 
them away. 

It was originally contemplated only la | 

ran three chaldron wagons, or two ^ton 
wagons, down at a time ; out eiperionoe 
has shown that twelve chaldron wagons, 
or mi 8-ton wagons, mey be taken with 
safety. In this case they are all run past 
the hopper, then drop back by gravity, and 
are emptied three, or two, at a time, as 

they pass orer the spout, without being 

uncoupled. Great expedition results &om 

this arrangement. 

When a portion of a train of wagons is 

run down to the spouts, fmm tlie standage 

immediately adjoining, the remainder of 

the train follows by gravity ; and it is 

necessary that it should be stopped by k 

quickly-acting chock. For this purpose a 

chock has been constmcted of a somewhat 

novel kind, which works very well. The 

man in charge of the wagons first un- 

oouploa the nunber he intends to nm 

down. He then lifts the lever, and the 

whole train deecends by gravity. The 

moment the last wheel of the unoonpled 

set passes the chock, he lets the lever &I1, 

and goes on himself with the uncoupled 

■et, braking it down the steep incline; the 

remainder of the set being arretted by the 

The difference of level «Iso of the 
onsaing rails, between the loaded and 
light lines, is about IS in. To meet this 

a system of sliding rails has been adopted, ., , ,, 

and is found to work well. The loaded wagons in their desoeut close the sliding rail, to allow 
them to pass over, sad it is <^>aiiBd again bj balance-weights, to admit of the passage of the empty 

Berar« deciding oa the inclinations to be given at different poilions of this self-acting system. 
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tengtkened eaperinioiita vew made on the ground aboTe, wbere ■ oMiiplvto plan ot , . 
■mngctnmi mr one ■pout, wm Iftid down; and on it, vBgons of bU oImms in nu wete tried, 
nnder diflbrODt it&ltB 1/ wokthcr aiid droniiutHicw. The remilt wu tbftt the iDclinBtione adopted, 
whieh ue much ateepei thu theory would gives vera fonnd to be neceMary. 



The qoiintlly of OMla ihipped at Sonth Bhiolds, bf the Norih-EMlem Bulwtty Oompany, iii 
lie fear 185B, was 1.203,524 ton& Tho nambn of ooUieriM shir^Ine eoali to the Tjne DDck* 
'""" ■ ~' .... 11. rediridedii' ■"" 



at CliM time mi alxtr-eix. The ooals tnta tbeee oolliehec were ^ 



1 into 227 different eottt; 



been provided. The length of single Ike of mils for eaeb Jettjr ia tSx milea. Bee TraQBaotioni 
Inst. 0. B- Tol. XTiii. 
KEY. 

The word key ia applied In tbe ut« to Miythiog that faatena, m a piece of wood in the IramB of 
a boiMint;, or in a chain. Also any iaBtniment which serTea to shut or open a look by being 
iQserted into it ; and made, by turaing, to paah its bolt one way or the other. In arohitectare. a, 
piece of wood let in another acrosa the gmin to prevent warping, is called a key : so alio is a pieoo 
of wiHid used R8 a wed^ ; or the last board of a floor when laid down. In maBonry, (he liigheit 
central of an arch U the liBy.«lone. In mnphinery. a key ia a pieoe of wood, ottsti wedge-Bhapod, 
placed in ooincident slots or mortises to hold parts together : a ontter, as in Fig. 2361. 

A key-seat ia a reotangnlar groove, eepecjatly in a wheel and ehaft, to receive a hey so as to pr»- 
vent one part from tnming on the other ; it ia frpqnpntly called a key-bed or a key-way. 

KILN, Fa., fhiir; Ghk., O/cti; ItaL., fomnce; Spas., Horrm Calcra, 

The words kiln, oven, and stove, are often need synonymonsly. but althongh all three are appli- 
ances for the application of beat to certain industrial pnrposps, they differ essentially in their 
conatraetion and operation. A kiln is a structure of oonaioerabla size, which may be heated for 
the pnrpoee of roaating, burning, hardening, annealing, or drying anything ; aa a kiln for annealing 
porcelain, a kiln for hnming lime. 

An arm, a placet arched over with brink or stone-work, for baking, heating, or drying ; hence 
any stractm^ whetiier fliod or portable, vhich may be heated for baking or like nses. 

A tloee, an apparatus varionsly constructed, which is bented by fuel or gas, for warming a room 
or building, for heating the blast of a furnace, for culirary or other purposes. 

Figg. 4796, 4797, snow Wm. Goreham's annular kilo for hnroing cement, oonstmcted with a 
hollow chamber forming a mnvable partition across the kiln, tbe chamber having tubes projecting 
from it into the kiln, and being also formed to oonduot the products of oombustion from the fine 
on one side of tbe kiln to the other and to the central chimney. 

Fig. 479G a vertical section of pert of the kiln, and Fig. 4797 a plan parllv In aection. a a ia 
the body of the kiln ; b b, horizontal flues carried around uie npper port of both aides of the kiln ; 
cr, vertical fines leading down from the fines h, and oommnnicating with the interior of the 
kiln ; dd, the movable hollow chamber formitfg a partition across the kiln, and having tubes <P 
projeirting from it into tbe kiln. The partition is of wrought iron and is carried by rollers «, which 
Ton npon rails //, fixed around the top of the side walls of the kiln : g g are flnee extending from 
the top of the hollow chamber to connect two or more of the passages, b', 6', which lead from the 
fines b, with the hollow chamber ; A is a flue from the top of the hollow ohamher by which tbe gases 
are led away to the central chimney i. The extremity of this fine where it abats against the 
chimney ia supported on rollers rnnnine on a fixed raU I. 

In the arrangement of this kiln the slip is dried by being forced in the form of spray or 
minutely divided into and amongst the heated gases as they pass from tbe kiln to the chimney. 
The slip Is fbd into the annular trongh m, from which it is pnmped by the pnmps a which 
an carried within the fine h. The snction-pipes of these puiops aro perforated, so Uiat a large 
amnnnt of heated gas is drawn into the pumps togetbu' with the slip, and thus the slip as 



B ejected by the pumpa tbrongh the tubes n' will be dispersed ia a fine spray, or it might 
De caused to pass through ft number of small orifices. The slip tssning &om t)ie tubes n' comes 
against the fixed plate n* and drops on to tbe endless chain or band o, by which it is carried 
forward to the oentre of the travelling hollow chamber d, and dropped into an inclined troogh or 
■hoot down whioh it slides and falls into the kiln throagh an opraing a' at the end of the shoot 



Thif opening i« fltUd with k hinged B»p, b; whioh it ia dowd, except at the time when dried 
m&terial u puiiiig thioogb it. 

When the MId i> at work the bolloir obamber d i» from tune to time mored a diatfince forward 
and aw»j from the burning material, and the dip or dried material ia fed into the kiln jnrt in rear 




of fnel being at the same time fi 
eontinuonaly around tbe kiln. 

In kilns for hnmlng bricks and similar nrticlea. C. G. Johnson ronetnicU e Sue running alons 
the back end of a iKDf-e at end-flring arahed kilns or ovens, known as NevMutle kilns, and 
Instead of placing a chimney on the end farthest from the fire, places it at tlie end next to the Gre. 
A communication liaving been fonned between the kilns by the flue running along the back of the 
range, it in so regulated by suitable damper^ that when firing any kiln in the range tbe heat <sn 
be drawn from It through any other kiln from back to front by the chimney pladed for that 
pnrpoM! on the front ind of that other kiln. The chimney on the kiln which is l>eing Bred is dosed 
with a suitable dsmper. 

One large cblmney placed In any oonTenUnt position may be used in common by oil tbe kiltia 
in the range in place or each kiln having a separate chimntiy. In this case each kiln is connected 
with the ehimnev by meuiB of a suitable flue at the end nest to the flie. Each such Sne ia 
provided with a dumper. 

Fig. 4T9S isafroot elevation, partlyineeotion.of ft portion of a range of kilns thus constructed; 
Pig. 17d9 n longitudinsl section ; and Pig. 4800 a plan, partly in section. In Fig. 4799 the 
section is taken on the line I, 2. 

a a the body of the kiln, where the brioke are slacked on a plane floor ; b, a flne that connect* 
any two or more kilni with each other, tbe communication being regulated by mcnns of dampers 
f, 6" ; c. chimneys with dampen e' ; i^ ao arehway for setting and drawing the kilos, Tnade np 
with brioks dauDcd with mud or elay, so a* to seal it air-tight whilst the bricks arc burning; 
t tt4, bolea for oooling off the Idlni alter ceasing to fire,. or when the bricka are completely 
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np elinken; kk, flne-holeafta'ipreadbigUM 
'raught, whioh u ■ ■ ■■ ■ ■- 

into the flne 6 
kiln u required. 

The lyatem of flring is the nuoe m in 
the oidinkry end-flring orens. The fire ia 
first made up in the bottom holes jj, sod 
gradofJIy wtvked up ontil it reaches the 
top of the hole g ; the heat paa»ei throiiRh 
the bricks, which have been previoiuly 
dried bj the best liom any other kiln, and 
through the dampen b' into the fine b, and 
then it I* directed hj mcani of the dampers 
i' and i" to anj' kiln in the range set with 
green brinks; tbe heut traTersGs this kiln, 
and thenoe eseapefl throngh the chimnej c 
on the tome liiln. Care is taken that the 
damper c* in tbe oliimney c of any kiln that 
Is being fired is closed. 

The mode of working la h fallows ; — 
No. 1 kilD apon being fired is pat in oom- 
mnaication with No. 2; thii latter having previoiuly had the opeoiDg !□ Front oloMii np and the 
damper in the ohLmney opened. Thus no. 2 kiln dots as a ahitnney to No. 1 during the time that 
the moisture is being driven off the bricks in No. 1 ; whilst this operation is going tsa No. 3 kiln 
okn be set, and as soon as the moisture is expelled &om No. 1, comninnicatioit with Na 2 kiln can 
be oloeed and tbat with No. 3 opened ; the waste heat from No. 1 nill then pass iota No. S and be 
drawn through the green bricks by the chimnev in front, tbe damper in it being opened ; No, I U 
DOW ficiished off by Sring in the nsnal way. The moistnrQ in No. 3 kiln having been driven off by 
the waste beat &om No. 1, the damper in its chimney is dosed and communication effected with 
any other kiln in tbe range set Vlth green bricks. Thus the waste heat is oonslantly passed forward, 
and tbe only ooal expended on any kiln ia that required to finish off the burning after all the 
moisture has been expelled, and it ia found that about one-half the coal consumed in ordinary cud 
kilos is expended in effecting this. 

It will oe seen that there is no diffloalty in timing the operation ea as always to have a kiln 
ready to receive waste heat, as it is oompetent to direct the waste beat from any one to tbe other, or 
to be firing more than one and paseinf; waste heat through one only, or firing one and passing the 
beat through mare than one, or burning sevetal and pwwing waste beat through several at once, 
Bocording to the quantity of work being tnmed ont : it will also be seen that in theeo kilns there ia 
no danger of driving moisture fhon tbe bnmliiK - - - - 




nioK brinks to the green onea, a 



are leei liable to ctaok, as the molatore lemaiiilng In tlie brioks when taken bam the si 
is gradnijly expelled by the mate heat bom me or mcM of the olber Ulna, and consequently the 
'- ^-' - - Te sounder Budjhen is le« waste Iban in ordinary kilns. 



the brickwork <^ ^e kilo, A the fire-plaoe at 
one end, the opposite end opening into a 
chimney a by a nue d. & number of open- 
ings 8 e provided vrith clase-fltting lid* or 
wvers are formed at suitable intervals along 
tbe roof of the kiln, Buah openings being in- . 
tended for the introilnction of small fueL The 
entire length of tho kiln having been filled 
with bricks in a fit atato for burning, a Sre is lighted in the fire-plsce b. and air allowed to enter 
n^cij through the fire-door. Bo soon as the heat at this end c^ the kiln ia suflldontly great to 
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ensnie the oombaBtion of fael introdnoed from the top, the supply of fael is then commenced 
through the openings e e, and the heat maintained at the temperature requisite for burning the 
bricks. The hot air and products of combustion pass along the entire length of the kiln between 
the goods stacked in it, gradually heating them, and finally pass off bv the flue d to the chimney c. 
So soon as that portion of the stacked bricks into and amongst which the fuel has been supplied 
has become sufficiently burnt, the further supply of fuel is stopped, and the supply is then carried 
on through other openings e in adyance, so as to mingle the fuel with the adjoining bricks, which 
by this time will be sufficiently heated to ensure the combustion of such fuel. Thoee bricks which 
haye been thoroughly burnt are now allowed to cool gradually by the action of the cold air 
which passes amongst them and takes up caloric, which is transferred to the succeeding bricks 
on its way to the chimney. In this manner the process of burning is continued until the extreme 
end of tiie kiln has been reached, some of the goods having in the meantime been drawn and 
replaced by fresh ones, so that the kiln will be ready for relighting by the time the last of the 
goods is withdrawn. These kilns may be provided at intervals with sHding doors which extend 
across the kiln, and subdivide it into a^ number of senarate compartments ; facility is thus 
afforded for makinguse of these compartments as drying onambers, wnilst the other portion of the 
Idln is burning. The* drying may be facilitated by bringing hot air ftt>m the cooling portions 
of the kiln into the drying chamber for the time being by means of a movable pine or flue, 
which may be adjusted to any of the holes e in the roof. When the bricks are sufficiently dry, the 
doors and flue are removed so as to bring them within the direct range of the hot air and products 
of combustion from the burning bricks preparatory to their being fired from above. In this arrange- 
ment flues provided with dampers should be employed leading from each compartment to separato 
chimneys, or to one common flue leading to a smgle chimney, and each -compartment should have 
near its upper part a flue for carrying off the steam and vapour evolved during the process of 
drying. 

Fig. 4802 is a section, and Fig. 4803 a plan of a pottery kiln made in two compartments ; 
Fig. 4804 a longitudinal section, and Fig. 4805 a plui of a similar kiln made in three com- 
pcSments; any number of compartments may 
DO used in these kilns, but they are built in a 
straight line, and have no continuity of action. 
a is the brickwork of the kilns ; 6, 6*, b^\ are 
fire-places for heating the several compart- 
ments 1, 2, and 3 ; c, a chimney common to 
all the compartments ; and dj a flue or aper- 
ture opening direct into the chimney from the 
last compartment of the series; « are open- 
ings in the roof of the kiln provided with 
doee-fltting lids or ooven for the introduo- 



4802. 










S§^^\-^^ 



• . /■ firr'.'ntt'iTTi, %'rfr/.Yf/7/r'r^^ ^.7f'<77/'yjJr/\ 



4809. 






9 



» » 



« • 






A ft > I * • - 

V- 'sfc 




^v.-.v.v 



•i:N 









< • 
••4. 






s 

w 



4-. 



'!•:' 
b 



».% 



*•:.••/• 







* f 






»-*".* 



.'•:• 



4809. 



4804. 



tion of the fuel into the fire- 
places 6\ 6*^ which heat the 
compartments 2 and 3.. The 
front compartment is heated 
by the furnace 6, which is 
supplied with fuel through 
the door /. The several fur- 
naces or fire-places may be 
provided or not with grat^ 
oars as required, ^isanair- 
fiue extending beneath the 
floors of all the compart- 
ments excepting the last of ^ , , ^ ^ * x % 
the series, and communicating with the ash-pits of the several flimaccs or fire-places ; A A are 
openings for the entrance of fresh air into the ash-pits, and thence to the fines g, ixinsm^ 
these kUns both or all the compartments are filled with the pottery to be burnt ; a perforated 
wall of fire-brick » is then constructed between each furnace and its correspondmg «)mpart- 
ment, to prevent the ashes from coming in contact with the ware. A fire is now lighted m the 
f^imaoe 6, and the hot air and prodacts of combustion pass through the several compartments 
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on their way to the chimney, heating the whole of the ware in the compartments which commimi- 
oate with one another hj the openings at A ^. So soon as the ware in the first compartment 
1 is sufficiently burnt, tne door of the furnace 6 is closed so as to exclude air, and the fire-bars 
are carefully covered over with earth. The air-inlets h h are now opened so as to admit the air along 
the flue g to the furnace 6*, the heat in which escaping from the compartment 1 is sufficient to 
effect the combustion of the fuel which is supplied to it through the opening e above. The second 
compartment 2 is fired whilst the ware in the first t»mpartment is gradually cooling. When the 
wares in the compartment 2 are burnt, the furnace &'* is lighted in the same way as the furnace b^, 
and air supplied by the fine g as before, the process thus continuing stop by step until the whole 
of the compartments have been fired, by which time the goods in the first compartment will be 
ready to be withdrawn. Above the furnaces b\ 6", a number of projecting bricks are built in the 
walls so as to catoh the fuel as it is thrown in from the top, and thus ensure a uniformity of heat 
throughout the full height of the furnace. 

Fig. 4806 represents a vertical section, and Fig. 4807 a sectional plan, of a continuous kiln com-; 
bined with a second or inner annular chamber, by whiqji dry or warm air may be taken from any 
of the heated chambers of the kiln to any of the other chambers, for the purpose of drying green 
bricks or other articles from which it is aesired to drive off \he moisture, a, the brickwork of the 
kiln, a portion of the annular burning and drying space of which may be shut off or sepanted from 
the rest by two movable diaphragms 6, b\ to form a drying chamber. The entire kun is capable 
of being subdivided into a number of comportments, numbered in Fig. 4807 from 1 to 12 inclusive, 
although any other number may be used. Each compartment is provided with a door at c c^ 
throng which tlie goods are introduced and removed. From the upper part of the several com- 
partments extend a series of flues e/, converging towards and opening into an annular smoke- 
chamber e, which surrounds the chimney /, and conununicates therewith by the passages or 
openings g. The inner ends of these flues inside the smoke-chamber are closed or left open by 
means of conical plugs A, which, by being elevated, will regulate the amount of opening of the fluee. 
A closed man-hole t^ Fig. 4806, is made in each of these flues for the facility of cleaning. Yalves k 
connect any one of these flues when open with the annular passage / for dry or warm air, the 
bottom of the passage communicating by means of valves m with the flues n, which lead from the 
lower portions of the compartments of the kiln to the smoke-chamber «, beforo referred to. These 
flues n are also provided with conical plugs or dampers o, similar to those which are fitted on to 
the inner ends of the fines d. 

In Fig. 4807 the chambers 8 and 4 are represented as being shut off from the rest by the doors 
6, &^ and are supposed to contain green bricks ; the chamber 5 is being fiUed whilst the goods are 
being removed n^m the chamber 6. The chambers 7, 8, 9, and 10, all contain burnt goods in the 
act of cooling whilst the chambers 11 and 12 are being fired, the hot air therefrom passing through 
the goods in the chambers 1 and 2, and being obstructed by the door 6 ttom entering the drying 
chambers 8 and 4 direct, it passes off by the bottom flue n^ of the series direct to the smoke-chamber 
e, and thence to the chimney, the plug or damper o^ being more or less open for that purpose 
according to the draught required. The fresh air enters by the open doors c^, c\ passes through the 
heated goods in the chambers 7, 8, and 9, thereby cooling the goods, and at the same time taking 
up caloric. A portion of this air so heated passes onwards through the chambers 10, 11, 11^ 
1 and 2, and thence by the flue n^ to the chimney, whilst another portion enters one of the flues d at 
the mouth thereof d^ ; and as the plug or valve h^ on the inner end of this flue is closed, the heated 
air enters by the open valve k^ into the annular chamber or passage /. The warm air then traverses 
the chamber /, passes through the only open valve m} of the series into the flue n\^ of the series, the 
end of which in the smoke-chamber is dosed by the valve o", and thence to the drying chamber 4 
and chamber 8, and finally escaping at d^^ by the flue c^^^ and open plug or valve h^^ into the 
smoke-chamber e and chimney/. The whole of the valves A, o, A, and m, are kept closed, except 
those which are in connection with the flues for the time being, and so soon as the goods in the 
drying chambers 3 and 4 are sufficiently dry for burning, the doors &, 6>, are removed, and replaced 
at 6^1, 6", exposing the bricks in the chamber 8 to the direct action of ike heat from the kiln fires, 
whilst the chamber 5, just filled with green bricks, forms with the chamber 4 a drying chamber. 
A fresh set of valves or dampers is now opened, and the operations of burning and drying proceed 
in a continuous manner. 

Figs. 4808, 4809, are respectively a vertical and horizontal section of a similar kiln provided 
with a separate collecting fine and chimney for the abduction of the steam evolved during the 
drying of the green briol^. In drying green bricks, the quantity of steam evolved, which varies 
periodically, sometimes impedes the draught, more or less, when allowed to mix with the gases of 
combustion ; but the inconvenience is remedied by leading off the stoam by separate and distinct 

Sassages, so that it does not mix with the gases of combustion until both have ascextded some 
istance up the chimney ; this is accomplished bv using a separate steam collector p communicating 
by passages q with an internal steam-chimney r built inside, and extending a convenient height up 
the chimney, so that the steam and products of combustion are not allowed to mingle with each 
other till they arrive nearly at the top of the chimney. 

In Figs. 4808, 4809, the hot air for drying the bricks enters the chambers 3 and 4 in the manner 
described in reference to Figs. 4806. 4807, but in place of passing off with the steam into the smoke- 
chamber e, they are conducted by the passage d and valve h into the steam-chamber j?, and thence 
into the internal chimney or tube r, whilst the gases and producte of combustion pass off by the 
fine n and valve o into the smoke-chamber e, and thence by the passages g into the chimney / sur- 
rounding the tube r ; in all other respecto this kiln is worked in a similar manner to the kUn shown 
at Figs. 4806, 4807. If desisred the slite or openings in tiie arohes of the annular burning 
chamber of these kilns or ovens for the admission of the intecrupting doors or dampers 6, b\ ma^ 
be dispensed with by placing the entrance c to each compartment at the end next the door or 
damper instotid of in the centre of the compartment, as in the Figs. 4806 to 4817, and by having 
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the donn i» dua^eia nwde np in asreral parts, each amall enongb to be iutrodnoed through tbo 
entiaiioe c; bj thu meani the dooia i, I)', may be meerted or lenoTod bjr huid throngh the bbjob 
BpertnieB by ivhioh the kiln ia filled and emptied. 

In the bnmiiig of pottery oad other wore which la Teqnired to be protected fhnn direct contact 
with the fuel and prodools of oombustion, the compBTtmeatB may be oonatmcted as io Figs. 4610, 461 1. 
Ia this case a oloaed chamber a ie built inside each compartm^lt, bat having a free poaaaKe i along 
the eidea and under the bottom for the ciroolatioQ of the heat and prodncta of combuabon. The 
fuel ia fed in from the top through speituree c, and ia kept loose and open by falling amongBt the 
projecting bricks built in the 
aidca of the flre-ohaoiber, aa 
ahown at d. A man-hole e is 
formed on the loof of the 
ohambei a for the inhodncUon 
and removal of the vate, this 
hole being provided with a 
olose-Btting lid or cover. 

Figa. 4612, 4818, are a 
tranaveree and lonntudinal 
section of a porticm M a kiln 
intended for bnming limo- 
' stone wid other snbstancea 
which are liable to abrlnk 
considerably dnring the pro- 
ceaa of burning. As thla 
shrinkage or falling of the 
Bubetancea would leave a void apaoe between the roof and the mahae of the aubstanoee, tbe hot 
gosea or products of combustion would, if not checked, poaa over the top of in place of amongat the 
Bubatances. To obviate this defect, an arch a in built aa as to extend downwards from tbe roof 
between each compartment snfBoiently for to pneeot a bHrrier to the gasee paasing along the eor- 
faco of the enbetancea, and compel them to descend into and amongst suoh aubetanoes when passing 
under each arch. Another mode of aooompllshing tbe same object ie ahown at Figs. 4814, 4813, 
where the chamber of the kiln ia oompoeed of two dde walla a only, with aroheB at intervaJs, the 
substoncea being covered over between these arches by a covering of loam and earth c, whiel) 
descends with the shrinkage of the substances. 

In treating thoae matenols which luee ollogether their original fonn, and f^iee oc melt to a mass 
wheo subjected to a great heat, tlie flre-places of tho kiln must be enoloeod by an open setting of 
Sre-brickB or tubes a. Fig. 4816, the cbokiDg up of the fire-plaoce will then be prevented. The 
doora or openings for introducing the goods or materisJa to be burnt in the kilns may be made 
either at tho lop or sides of the oompartmeuts or kUn-cbamber : in same casee, as in the boming of 
limeetone, it wul be found advantogeoua to make the diechareiag holes in the bottom, and to have 
a tunnel or poaaage beneath, along which tmcka or wagons, Fig. 4617, may be run to rooeiTe the 
contents of the asveral oompartmenta. 

In a recent arrangement of Hoffmann'a kilns they are adapted to a syatem of foToed ocrobnttlon, 
and the consbuction so aimplifled aa to tender them suitable for contntctora or temporary works, 
while the ateam and products ace rapidly carried off and greater economy of fiiel obtoioed. 




He 




Figa. 41 



« aectional plana of a cheap constraction of kiln Intended to be worked ot 



the oontiDuoua ayatem, and specially adapted for the temporary nee of ecotraotot^ at 
on land containing only a Ihin sesra of clay. In these modiSostioDS tbe oonstruction of chimneys 
and smoke-chambsrs is rendered unneoeasary, a forced combnation being maintaiued by Uie aid 
either of an eihansler or blower. 

Eaoh section of tho annular chamber commnnioates by a branch passage or fine C with ona 
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oommon annular flue D, leading to the exhansi-fan E, pennancntly oonneoted with the flue D. 
Although the flue D and fiin E are iriiown on the outer side of the kiln, they may he disposed in 
the central or mtemal space F enclosed hy the said annular or continuous diamber, in which case 
the branch flues G would open from the inner wall of the chamber. Each branch flue O is provided 
with a damper, in ozder to guide the draught in the proper direction. In the arrangement shown 
at Fig. 4819 all flues and dampers are dispensed with, as well as the chimney and smoke-chambers. 
A is the annular kiln, and £ a portable ezhaust-fian, which is brought into connection with the 
different compartments or sections of the annular chamber as the burning proceeds. Special 
openings are made in the side wall of the kiln for the introduction of the exhaust-pipe, idthough if 
necessary each of the doors leading into the kiln may have an opening made for that puipose. 
O represents a closed partition, and arrows point out the direction of the draught. The fresh air 
enters by the openings 6 c, and after j^assing through the Idln A is drawn throueh the exhauster 
£ along with the products of combustion in both arrangements. If the kiln is of small diameter, 
or the chamber A too short to completely absorb the heat, arrangements can easily be made for 
causing the heated air to pass through separate drying chamben or under a drying floor. 

Fig. 4820 is a vertical section of a small fire-grate, which is placed over each of the firing holes 
in the roof of that part of the annular chamber of Hoffinann's kiln in which the wet bricks intended 
to be dried aro deposited, a, one of the firing holes in the roof 
situate above that portion of the kiln which contains wet bricks ; 
6, the fire-grate in which a firo ia kindled. The down draught 
into the kun draws in with it through the firing holes a a con- 
siderable amount of heated sir and gases at numerous points, 
and as cold air is admitted through side openings c o below and 
surrounding the grate 6 it mixes with the hot air, and thus a 
series of currents of warm dry air enter through the roof of the 
lain, and by circulating amongst the bricks effect their rapid 
drying. 

Occasionally a loose or removable cone 6, Fig. 4821, having 
a contracted moutli, resting on the top of an iron feed-pipe ef, is 
fitted into the firing hole a. As the moutli of this oone ia con- 
tracted to about 1 in. in diameter, it considerably diminishes 
the volume of cold air, which, when a strong draught is on, 
rushes down the firing hole so soon as the lid or cover e is 
removed, cooling the bricks, whilst on the other hand it serves 
to check the outward puff of gas and hot air which is liable to 
take place when, the draught being weak, a pressure of gas 
accumulates in the annular chamber of the kiln, involving not 
only a loss of heat, but a waste of fuel, and occasioning disoom- 
fort by causing the fuel to be blown up into the eyes of the 
stoker. The firing holes sometimes require to be used as air- 
inlets, as, for example, when they happen to be situate oyer that 
section of the kim containing the bricks that are drying, 
therefore they cannot be permanently contracted, since the fuU 
size of orifice is necessary to afford free ingress of air. with 
a view to the more effectual drying of the bricks. As the 
cones 6 are loose, they may be readily removed when the holes 
a are required solely as air-inlets into the section containing 
ftesh brickk During the intervals of stoking or supplying 
fuel the firing holes with their cones are kept dosed by the cap or ooyer «, which is maintained 
air-tight, or nearly so. by the joint/. 

G. £. E. Mnller has efleoted an arrangement of kiln for carrying out a mode of heating 
ceramic products continuously and progressively, and also utilizes Siemens^ system of heating 
by gas. 

MuUer's kiln, Figs. 4822, 4823, consults of a number of chamben separated from each other by 
perforated sides and bottoms, and disposed across the path of the flame. Through these chamben 
the artidee to be burned or baked are passed along by pistons worked by mechanical means, so as 
to be nadually brought towards and into the hottest part of the chambers, and then by passing 
onwaids to be as gradually conducted to the cooler end of the chamben ; a small sur&ce only of 
the bulk of the articles or substances so traversed through the chamben being exposed to the 
action of the flame, the process being thus progressive and continuous. The duumben are heated 
by gas generated in a gas^neratinff furnace ; the flames play f^ly through the perforations, and 
after passing transversely through tne chamben enter a heat regenerator, which serves to heat the 
air for supporting tlie combustion of the gases. 

The length of the chambcas, and the speed at which the articles or substances are caused to 
tnyerse through them, depend on the nature of the substancee under treatment. 

Figs. 4822 to 4824 show a kihi of this description, with a tabular heat regenerator. A yertical 
hopper Is arranged at the front of the kUn ; into this hopper the fud is charged, and by an arrange- 
ment similar to that at p. 2089 is converted into carbonic oxide. The fuel may be supplied at long 
intervals, which is a considerable advantage. The surface of the fire-grate is so calculated that a 
dow draught is obtained, and the combustion of the fud bemg dow, ashes onlyare formed instead of 
scoria ; the attention required bv the fire is thus reduced to a minimum. The fire-grate ia also so 
arranged as not to admit of the ingress of air into the passage until it has traversed a great thick- 
ness of fneL Garbonic oxide therefore only passes into the conduit marked with an arrow in the 
section. O are the openings for the outlet of the carbonic oxide from this passage, Figs. 4822 
and 4824. 




mUture tX va ejid cartxmio ozlde is produoad ; the *^^ 

combiMtion ia continnous when onoe the kiln is in 7Wii..»m»wo..C.,w™..™.. /? n 

operation, and in order to Btait it, it maj be readil; 
filed. The arrowE shov the admission of air. The 
apace above Berree for the expansion of the flame. 
b are the dampen ou e«ch Bide for regulating the od- 
miaaion of aii. The admiaaion of the carbonic oiide 
from the paBaaM may alao be regulated with facility 
' by meana of a damper. A damper B', either Tertiofu 
or horizontal, ooula be readily applied. 

Fig. 4824 illostratfiB the operation of the kiln. 
The prodncta to be baked or burned are disposed on 
Bmall carriers oomposed of refractory clay, which are 
In contact with each other, and ore propelled by (uit- 
able apparatus a distance of 8 to 4 in. at a time. Aa 
tlie proauots advance towardg the centre of the Itiln, 
vhioD ia perforated at the centre of the paaaage, leav- 
ing at each aide an edge on vbiob the carriera slide, 
they are prepared (o be Bnbjeal«d to the intense heat- 
ing produoed by the flaniefl which are formed at O, a, 
and which traverse the kiln from the bottom to the 
top by peaaing through the openings formed imme- 
diately above. The flames then pass into the upper 
flue t^, which extends along the kiln, dampers d being 
provided for the purpose of regulating tbe eeress of 
the flomea. Each vertical row of passageo tEns be- 
oomea a kiln into which the products to be Imked 
or heated pass, and the flame of wliioh is regulated 

at will at both its admismon and outlet. The time for traversing the paaaage is varied eoraiding 
to tlie nature of the materials to be baked. As won as the lone of flamea ia traveraed, it i* 
required that the coolii^ ahould commence, which is only possible on the oandition of being able 
to carry off the caloric radiated from the burnt products. This caloric is transmitted to the parti- 
tions and to the soles : and in order to utilize the heat thus absorbed, the ktter portion of the 
partitions is made hollow. The iron flooring carrying the lower sole of the kiln admita of passing 
beneath, in order to attend to the dompars b. Fig. 4824, and of the air being conducted to the 
beat regenerator. The iron flooring ia so arranged as to admit of air readily possiog into the 

rtitions. The perforated soles also cause a draught, wbich, in conjunction vith the absorption 
, means of the current of aii in the partitions of the i^orio radiated, admits of the suocaasive 
cooling of the burnt products. 

At the end of the upper paaaage, which reoeives the flames proceeding from the ovens, the 
flames are separated into two^ arid deaound ttuongh vertical flues. Ou arriving at the bottom of 
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the kitn, tbe flamea oironlate ii .„,„™ 

puweea are formed In two tiere, in vtach tKe cuonlstioa is in the downward direction : but thnnieh 
(he tnbet the air panm upwaids lo this kiln with the greateat umplicit?. 

Fig. 4825 is a TBrtioal aeotion, taken at line a 6 ot Fie, 4827, of one of A. Batohelat'a kiln*; 
Pig. 482G an elevation of a simjlar kiln ; Fig. 4827 a Kotional plan, one half being taken at c 4 
through fnrniiceB in Fig. 4825, and the otherlialf »t «/in the«BBiBflgn»; Fig. 4828 a aeotional 
plan through the boriiontal beat fluea. 

BatohelBT usoall; emDlojB a kiln ciroular in plan, and having a domed loof, as shown in tbo 
drawing ; bnt kUns of other forme may be cmBtmoted in acoordnnoe with hie arrangement. 

A A are fuinaoeB oonstructed in the thickness of the irall with Orc-bui in the ordinary mannw, 
each ftmaoe being fed with fuel through the opening A', vbtoh fa closed when the furnace is in 




operation. The nnmbra of fnmacei may be varied, aoeording to the slie of kflii and Quality of 
mat^al to be opented npon. In the eiample shown ten are employed. loride the kiln, and 
opposite to each fomaoe, are built ehort walls B B, forming a casing ur pocket ronod the end of 
each flre-place, which directs the heat and flame upwards towerde the upper pert of tbo goodi 
•teeked In the kiln. In the floor of the kiln there is an opening C leading ialo the main Quo D, 
which oondnola the heated products of combustion direct to lUe chimney, when in the course of 
bnraing it is necMsary to so dispoee of them. There are also formed beneath the floor of the kilQ 
heat Sues G E, wliich each open at one end into the passage O, aud at the other end into chamben 
F, construoled in the spaoe between two adjacent kilns ; dampen O O are aduited to oloee Uio 
. -- . - r . , ™ , istmcted in 11 " - ^^ • ■■ 



ends of the hoHt flue* wlrnn required. Flues J are oonstm 



Q the wall of the kiln near the 



bottom. Short Tertii-Bl liettt Snei R E ve also formed in tbe well of the kilo ; tbetr lower eaia 
eommoDicate vitli the Hues J, uid Uitir upper eude open into the kiln, Figa. 4825 sod 4827. Tlie 
flues J pass half roand eaoli kiln, and open at eacb end into the chamberB F b; tbe aide of tho 
fluee E, tbe ends of fluea J being alaa cloaed by dunpera H H when reqnired. 




green or anbtinit goods stacked in another kiln, In 
order to prepare t&m for the final bnming. Nnn- 
bers 1 to 5 n present a aeries of the aboTe-deacribed 
kilna F^ionped round a central oliimney L. Main flues 
D D lead from the oeutre of each kiln to the chimney 
■haft, dnmpeiB M H being fltteil tn each flue to open 
or close cummnnicatioo bet ireen the kilns and chimney, 
•a may be deeired. 

The metliod of working these kilns in a series is aa 
follows; — Supposing the fires to be lighted in kiln 
No.3,Fig.4S30. the dampers H Hat end of heat flues 
J are kept cloeed, the damper M' in the main flue of 
that kiln leading to tbe chimney is opened until the 
Area are well burnt np, when the damper M" may be 
partly closed, end the dampere H* H' leading from 
chamber F into beat flues J J of kiln No. 4, to which 
green goods kre stacked, are pcuily opened, tbe damper M' in main floe leading lochimneyof No. i 
kiln being also opened, the damper O* being meanwhile kept dosed, and G' open. By these 
means one portion of the heated gnses generated is kiln No. 3 passes direct to the chimney, 
and tbe other portion by the heat flue B into the beat flues J J, and so by flues K K into kiln 
No. 4, thenoe throogb and amongst the green good^ and flnally escapea by the main flue D of 
No. 4 kiln into the chimney. By properly adjusting the dampers in the flnes as indicated, the 
uuonnt of waste gases passed from tho kiln in operation to tlie next may be so regulated as 
to ensure a proper drangbt for maintaining the combustion of the fuel at all stages of the opera- 
tion, utd by giadnally closing the damper of the kiln in operation letuiing direct to the chimney, 
and opening that leading to the next kiln, the whole of the wast« gases may be passed tbronsb 
the latter towards the completion of the firing opeinlion of tbe flrst kiln ; and by that time tTie 
goods in tbe second kilti will have attained a very high temperature. As soon as kiln No. 3 
u bnmt off', the damper C, leading to kiln No. 4, may be cloeed, as also partially the damper M* 
in main flne, and the kiln left to coot gradually. Kiln No. 5, the next in order, oontaining green 
bricks, will be gradiully brought into oonimQaication with kiln No. 4 by means of the dampers, 
when its flree are lighted in the same manner as described for Nos. 3 and 4. Kiln Na 2 in the 
series baTing been burnt off proTiounly to No. 3, will have been cooling while the latter was burn- 
ing, and No. I having been previoualy cooled, the ftred goods will have been discharged from it, 
and green goods recharged into it. Whilst No. 3 kiln has been burning. No. 7 hae also been burn- 
ing, and Nos. S, 6, and 8 have held tho same position in relation to it that Nos. 1, 2, and 4 have 
been deeoribed as holding to No. S. " ^" '-' ' * — ' '~ "" " "' 



h kUn, as k 



S. If doeited. dampers may be so arranged in thepaasages C of 
at *, Fig. 4825, that the heat flnes E may be shut oflrentirely titna 



anv nombor of kilos : by this means a oommunication may be opened between a kiln which ii 
being cooled and another in tbe aeries not immediately adjaocnt containing green goods. 

The usual conaumption of coal a thousand of ordinary bricks varies in these kilns from 3 to 



4 owt., according to the kind of clay nied. Each kiln is usnally of sufflcfent capacity to oontaia 
from 20,000 to 30,000 brioka, and tbe time occupied in burning off a charge after it hae boeo 
thotongbly dried bv tbe waste heated k^bus ftom the kiln ta«t burnt ranges from thirty-sti to 
forty-eight boms.* An ordinary Staffoidshire kiln, merely healed by the furnaces, and without aoT 
proTfaion for the employment of tho waste heat, will consmae from S to 7} cwt. of conla a thouBand. 
Id the bnming of bricks made from refractory flre-clay, these kilna have effected a saving of 
4 to 5 owt of ooal a thousand, and a reduction in the time of bnming &om ninety-six to forty 
hours, tbe ^oods being of exocllent quality and the waste very amall. 

In buming lime the economy of tbe kUna is as marked aa In bnming clay objeots, the consump- 
tion of coal a vard of lime bnmt in them being 1} to 2 owt, as'against 3) to 4 cwt. a yard In the 
ordinary lime-kUn. 

Fig. 4831 is a transverse aection of John Orosaley'a imnaififuj kiln. Fig. 4832, a horizontal 
section taken on line 1 1, Fig. 4831. do, the bed of the kiln; bb.Ua sideiralla; c, tbe covering 
arch over it ; (PtoiP, longitudinal flues beneath the bed. Extending aorosB the front of the kiln 
it the door for placing and removing Ike sheets of glass. At tbe back of the kiln gas fuel is 
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mdmlttsd pact » regalattiig toIto * Into the oeotre fine <!>, uid pcuaes braa thia floe b; the bnuuth 
fiiiead»( to tbaopeninga//, in tbe bed of the kiln at its four ooniera. Bnch oT the opea'iagtf la 
fitted with a slide b; wbioh the width of the opening cui be repilated and the qnantit; of gaa 
admitted b; it adjusted ; 9 9 are nndergronnd pas- 

eagea by vhioh air can enter the flues d' and S ; it tssi. 

paaaeA from these into the fluea d' and if, and then 
uoend« into the bod^ of tlie kihi b; the fonr open- 
logs hhfia the bed m elooe prozimit; to the open- 
ings / bj which th« gas is admitted ; the heated 
gas thus meeting the healed air is burnt within 
the kiln and the products of oombnation paw away 



by two side opening* tegnlated by dampen Into the fines I'r, which le*d down into an under- 
gronnd passage rannlng beneath the KO^ea of kilns to a ohinuej. Whilst the giMa !■ beiiig 
placed in the kiln the opeuinsa / and A at the bont cf the bed ate oorered with hoa gMltngs, 
which are afterwards removed. When the kiln is ooi^g, air is allowed to enter all the fine* 
beneath the bed, and it pusses orer the bed to the ohimney, the rapidity of cooling being cottbdl*! 
by the Junpera in connection with the chimney flues >. 01 the air may be allowed to ciNnlate 
thiongh the fines without passing over the bed ol the Uul 

ifo/t-jii'hu.— ConBiderable difleienoe of opinion exista amcngst maltsiars ns to tho forms of malt- 
kilns, Uld the most suitable material for kiln floor*. A good ordinary malt-kHn is shown in Pi^, 
iSSS, 4S31. The ftamaoe / is placed in the centre of the kiln, and is in coummnioation with 




the enclomre or lamp o, in the sides and crown of which there are openings for flames and heatail 
air to pass thiongh. The lamp can bo cleaned oat through the opraiinfr i oommnmcattng with the 
ash-pit. tbU openhig serring also to admit a portion ot the air which it Is neocssery to spply to the 
kiln in addition to that wliith passes through the Are. The opening « ia, boweTW. of such mm 
that it will admit less than the minimunr qoantity thus needed, the remainder beiM fnpphed 
through the openings or TentLlatora J J, which ore fitted with sliding dampen, so that the quantity 
of air allowed to pam through them is under oompleto control. The fomaoe is endoaea by walls 
arched over to the sidea of tho kiln, and ahore Ihe lamp is placed the pyramidal di^brting 
[iate b. This not only serrea to equalize the tempentnre of the variooa paiti of the kiln Boca, 
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but alflo throws off any ooomings or roots which may fall through, and which would otherwise fall 
npon the lamp and furnace, where they would aoonmulate and take lire, G:iving the malt on the 
kiln a singed taste. The floor of the kiln is formed ot oaat-iron plates, — ^the 18-in. square pattern 
with oblong holes. The pillars, plate-bars, and girders supporting the flooar of the kiln are also 
of cast iron. 

Fig. 4835 is a form of kiln which is extensively used. In this kiln the fire is at one side, and 
the crown of the arch over it is about 3 ft. 6 in. above the highest part of the fire-grate, so that 
there is ample space for the passage of air. The quantity of air admitted is regulated by a cast- 
iron sliding plate fitted to the outside opening of the fdmaoe. Tliis plate is not shown in the 
engraving. In the case of the kiln, Fig. 4835, the fire-grate is about 3 ft. 6 in. long, 2 ft. in width. 



4836. 



4836. 



4837. 





4838. 





and the bars, the upper sides of which are about 16 in. above 

the ground level at their highest ends, are laid with a slope 

of about 4 in. in their length. The heated air from the fire 

is diffused over the kiln by a disperser plate 15 ft. long and 

12 ft. wide, placed 7 ft 6 in. above the ground level, as indicated by the dotted line. This kiln 

is for pale molt, and in conjunction with another kiln of the same size, will dry the produce of a 

90-quarter malt-house. 

Figs. 4836, 4837, are another variety of the circular malt-kiln, as erected by Byran, Corcoran, 
and Co., of London. It will be seen that in this kiln the lower part as well as the dome is circular, 
and this form, combined with the arrangements of the fire and the arches enclosing the kiln pit, 
causes the heated air to pass very equally through all parts of the fioor. 

In this kiln the dome is of brickwork instead of wood, as usual, being formed by carrying up 
the sides of the kiln and gradually closing them inwards. In a kiln of this kind for di^ring off 

25 quarters at one time the principal dimensions will be ; — 

ft. !n. 

Diameter of floor 25 

„ opening at top of dome 6 

kUnpit 12 6 

Height of floor above grate level 12 6 

dome 38 

cowl 19 



tt 



The floor of a malt-kiln should have an area of not less than 20 sq. ft. for every quarter 
of malt to be dried on it at one time ; but this area^ which would require the grain to be spread 
upon the fioor to a depth of a little over 10 in., will have to be considerably increased in many 
instances where a good draught is not available. 

Formerly fioors used to be largely made of hair-cloth ; but this material is now out of date. 
At present the floors most in use are xnade of tiles. The tiles for kiln floors are generally cored out 
or recessed on the under side, so that the small perforations which pass through the tiles extend 
through a slight thickness of material only. The coring out also greatly reduces the weight of 
the tues. The perforations for the passage of air should be clearly formed and perfectly 
free from any burrs, which would cut the grain. In Scotch kilns the fioors are generally made of 
perforated cast-iron plates, usually 18 in. square, and having the stobs cast in them. The plates 
are oarried by cast-iron bearers having dovetail-shaped ends, which fit into jaws cast on the sides 
of the main girders, as in Fig. 4839. The main girders are supported by columns at intermediate 
points, Figs. 4840, 4841. These plates have the advantage of being less brittle than the tiles, 
whilst, like them, they absorb a considerable quantity of heat, and cause the drying of the malt laid 
cm them to be, to a great extent, completed by a radiant heat only. 

Tile floors are very safe floors, as from the limited area of their perforations they render it 




nalcrtol nhioh hu been lugelj lued for kiln Soon is wove wire, and, if properly applied. Soon 
made of this material ore Terr durable, To fli tbe woTe-wlre floo , tbe edges of tlie wire arc locod or 
Bewn to BtruniQg bora, and uieae bars are taken hold of by Looked bolU nhich pass througb the 
wall of the kilo, as in Fig. 4838, each bolt being provided with a laigo woaber-plate beariag on four 



3B of bricks. The Btraining bars are cOTenufby a caat-iron sMrting plata Tbe plate oi 

inpported by round ban placed at 2} in. pitch, these bars reetiag inluilf-round holes formed la 
the upper edges of the longitudinal beajns. which are irf wrought iron 4 in. deep by 1 in. thirk. 
These beams are carried purtly by the walls of the kiln and partly by cast-iron oross-girders, in 
tbcir torn supported at intermediate points by colomnB. The use of tlie romid ban immediately 
beneath tbe wove wire Icarea almost the whole area of the latter clear for the passage of air, and 
there is less chance of dust or dirt lodging on the round bars then tliere wonld be on bars Bat 
on their npper edges. Wire floors require to be well prot«cted from mst. and probably tbe best 
method of preserring them is to cover tliem, when not in use, to a depth of about 8 in., with 
oat husks or with dry straw to a depth of about 18 in. A peculiar kind of wire gauze tot kiln 
floors baa recently been introduced by Morton and Wilson, of London. This gauze, after being 
wore, ii passed between smooth steel rollers, which have the eflect of indenting the intersecting 
wtret into eaoh other, and thus producing a perteotly level surface, on which the shovelling ana 
tuning of the uftlt can be verv readily performed. 

Wire gauze eon sometimes be adTontageansly employed for equalizing the draught at different 
portions of a kiln. For this purpose sheets of tbe gauze must be suspended beneath the floor at 
thoM paints at whioh tbe dranght is strongest, the size of the gauze being regulated aocordiog to 
tbe amount of cbeckiag effect which it is desired to produce. Punolied wreught-iron pistes are 
sometimes used as a substitute for wove wire for kiln floors, and on the Continent large quantities 
of such plates are employed. 

In considering the qiialiflcations of different kinds of Triln floani it must be borne in miad that 
tbe advantages or disaOTantsges of any particular kind of floor may bo materially modiflid by lbs 
nature of the draught nvDilable, and the means provided fur regulating it. If the ventilation of a 
kiln U under thorough control, good malt may be produced on any of Uie floors we have meotioued. 
The opening at the top of a malt-kiln is provided either with a revolving cowl, as ia the case of 
the kUn, Fig, 4835, or with a short shaft or cupola, fitted with louvre boaniB, as in Figs. 4833, 
4834. This latter plan is the cheaper of the two; but tbe cowl, if properly oonattncted, is probably 
the moat efl'ective in excluding down draughts of cold air. If, however, the cowl is not mude 
BO as to move freely it may cause the very effects that it is used to prevent. Cowla are generally 
made of wood; but a great many oopper oowls have been erected, and from their ligbtueea and 
olieapnesa thev are to be recommended. Cowls may also be made of g^vauiied iron or of zino, but 
these materials are far less durable than copper. 

The opeuing at the top of the kiln ehould be of sufSaient size to carry off freely the moisture 
oriidng from the molt, and the area of opening neseasary to do this will depend to some extent 
upon the dranght available. To improve this draught as much as possible all apertures □penii>g 
into the dnme auonld be well fitted, so that they may be closed perfectly, and the dome itself should 
be of good height. Oenemllv, with a fair draught on opening equal to from one-thirtieth to one- 
tbirty-fifth of the area of the kiln floor will be found sufQcient ; but Corcoran and Co. give a much 
larger opening, that of the kiln. Fig. 4839 being about one-eighteenth of the area of the 
floor. 

The fuel used in a molt-kiln should be fMe &om sulphur, as although the sulphurous acid 

generated by the oombuation of sncb snlpbnr may, by iti " '■ — ' """ 

appearance of tbe matt, yet it decidedly injures its qua 

Well-mode coke and good anthracite both make exoellen. „ 

dried off in a well-oonstructed kiln about SO qnortera. and a ton of the latter. 55 quar 

As we have stated, the beat at wbicb malt ahoutd be dritd depends upon tbe cbaraner oi me 
molt; tbe lower tbe timiperatnre of the heated air the molt ia dried with, tne plumper and more pro- 
duativeistbema1t,bntforfiilne»of flavonrahighertemperatureisreqnired. The important point 
inproperly kiln-drytng malt is to pass a volume of healed air throngh the malt to oonvejr away the 
vapour through thecowloronpola at the top of the kiln. Thisiswell effected by Thoe-Brigbt'skiln 
and hot-air apparatus, Figa. 4842 to 4S46, which prevents cold and unequal currents, and anppUea 
on unlimited quantity of pure heated air. 

Fig. 4842, a plui of oold-air fines under the cbamhors. Fis, 4S43, a plan showing grate-bars 
and amoke-pipea. Fig. 4644, sectional elevation, with aide wsU and slope removed. Fig. 4843, 
oroaB-BCCtioiif elevation. Fig. 4846, transverse sectional elevation. 

Tbe heat in the kUn )dt, until the steam is well ott, should not exceed 100. If a high heat be 



applied vbea the malt la molit. It Impoin tbe flsToiir and HOlnbla foopertieg of the malt, and. that 
portion of the Kluten QDConTerted beoKnea so fixed as to render the otbemiBe friable matter, tuinl 
and diiBcolt cuF aolutlom in the nuuh tub. Bright's Uln prevsnta overheating by being aupplled 




with aiT heated to the tempentore TeqnlTed, 
which can be legnJated at the will of the maltster. 
Fale malt requires but onoe tmniue on this kiln, 
and the difficnit; of dijing it is oonaideTabl; de- 

Tbe kiln is not affected bj longh weather : and will always 
■ample of malt ix hope. 



enmre a regular and well-dried 
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a, doora on flre-pl»ce ; fr, flre-ptece ; e, grate l»r* : d. uh-pit ; r, pipe* o» unoka flaea for Wta- 
mlnoiu ixti ; f, obUnuey aUck ; g, doora to open for oleaniDK smokfl pipei or fluea ; A, grating 
on oold-air flnea : i, damper on oold-air flnea, to regulate the air ftdmitted into the floe ; j, oald-«ii 
flna to obamben : *, chunber on the aidea and back of fire-place ; /, doors on openmga into 
chamber round flie-plaoe ; m, chamber over the flre-plaoe for generating hot air which paaaea 
through the openinga in and under the ooyera in the direction ahown bj the arrows to the apace 
under the kiln floor ; n, oonnooting pipee from ohamber * at the Bidau and back of flre-place to tha 
chamber m over tiie flre-plaoe; o, opening over flre-doora to admit cold air into chamber m; 
p, alide to regulate the air admitted to chamber m ; q, square for malt dnat ; r, alopea under kiln floor ; 
<,parforatedkanfloori t, window ; u oupola on top of kiln totlhe dlachMge of the vapour ariamg 
from the gooda drying ; r. doore into bottom of kiln. 

Figa. «47 to ki» ue of Don, Smith, and Hnraaold'a kCo, Ibr drying grain aeeda and almilar 
produota. 

The peonllar rMtoie in this kiln oonalata in the employment of a number of iteam-pipw Bxed 
one aboTe another, roond whioh the grain la conatantly moving in a thin layer. It is by tliu 
meana dried rapidly and 

with evennaaj and the »MI. <sta. «sl*. *«*»J 

poaaibility of burning or 
aoonihing, whioh on the 
old ayatem of drying oonld 
acaroely be aToided. ia pr»> 

The action of thtt kiln 
I* M follow* ;— The wheat 
or other grain paaaea into a 
bopiMT at the top, and gra- 
dnaUy worka ita way ronud 
the plpea In ita desoent, 
being kept in eontaot with 
the ateam-pipea by a ceUiiw 
of perforated lino on cma 
aide, at the auno time ft 
current of air ii drawn 
throogh and among the 
grain while In motion by 
a powerfnl exhaust'fan, 
fixed to the apparatoa 
which earriee away all the 
minature as fast aa it ia 
evaporated from the heated 
nam, and thna greatly faol- 
litatea the drying end im- 
ptovei the grain ; ao that 
by the time it arriTea at 
the bottom where it ia de- 
livered into aaoka or ele- 
vators the grain ia cool and 
dry, and ready for immedi- 
ate nae, or to retain in store. 

This kiln ia well adapted 
to the drying of Egyptian 
and Black Sea wheat or 
other grain that Laa bean 

washed for the purpoae of Seeing it ftom clods of earth, and impnritiea, 
and fur aweetening and molUtyiug grain tqinred by salt water, heated in the 
itold of the veaael during ita pMiage ; or Rrand to be too dry and flinty for 
grinding purpoaea. 

Don a kiln ia a moat valuable machine when Engliah or other grain has 
been injured by bad liarveating ; for by being paaaed a few timea throngh 
thia apparalna, any dam^ aoft, or musty wheat can be dried and gKttUy 
improved'by the euatiated air ^ue. 

Fig. 4850 ia a view of one of Don'a kUna, eieoted on metal atandarda 
by the aide of a walL The pipea were H-ia. atean-tubes placed lign^, and 
the upright aidea of the kiln compoeed of a seriee of frames, the iiuade of 
the fnunea next the tnbe apace beiuo; covered witti wire cloth ; perforated 
aheet rinc or copper pieroed anfflolently with email liolee would do aa well. 
The object of thu arrangement ia to let the air pass through, but to prevent 
the RiaLo from poaaing. In the lower box is a grooved roller which regulate* the apeed aa it 
revofvea btater or slower ; it alao regulates the time of drying the gnin by retarding or quick- 
ening its pasaage through the kiln. The lower box contains in addition a worm or aorew to 
convey the grain for delivery at one end of the box aAer it haa paaaed the regulating roller. Tha 
exhanat-chamber la in tbij case plnced on one aide of the kilo, the other aide being open to allow 
the air to paaa through and oool the grain, and convey the ateam evolved from it. Thia atesm ia 
drawn into the outer eihaoat-apout, which is connected to the eye of the exhauat-bui, and from the 
exhavat^Knit to the oattids of the building. 
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Fig. 4851 is an elevation of a pair of the kUns erected for drying peas and maixe ; the &n is hero 
shown as driving the air and moisture from the kilns. There are two elevatora, one to lift the 




min fhnn the floor to the top of the first kihi, the other to raise and deliver it to the second kiln. 
The articles thus pass through both kilns ; this is necessary, as peas require to be partially baked. 
Thepair of'kilns from which our drawing was taken diy 10 quarters of peas in an hour. 

KIKGh-POST. Fb., Poineofi ; Gbb., Mcmgeaaule. 
* e GoNerBuonoK, p. 1030. Jonm. 

KNIFE-EDGE. FB., Oouteau; Qeb., Sohneide, 

Bee Balanok. 

KNriTINQ MACHINE. Fa. Machine h Mooter ; Geb., Strickmaechiene, 

The nature of the structure of knitted web is shown in Uie magnified diagrams, Figs. 4866, 
4867, which represent a back view and side section of knitted web ; it will be seen that one thread 
here does duty for both waip and weft^ and is itself woven direct from the bobbin into a web 
consisting of rows of loops, the loops in each row being drawn through those in the row imme- 
diately preceding. In hand knitting this action is performied either by the ordinary knitting pins 
or by the crochet hook, and* in both oases each loop is separated and individually made complete ; 
or, as in the case of the old framework-knitter's ihune, each row of loops is made by a hand 
apparatus, and then drawn through the previous row at one operation. 

In most knitted articles it is necessary that, during the process of making the web from the 
thread or yarn, it should also be shaped at the same time that it is mnde. This is one great 
peculiarity of the hosiery manufactured, that shaped wearing apparel, comprising the numerous 
descriptions of under-clothing, is produced direct nom the yam at one operation of the machine, 
and without the intervention of the tailor or milliner; and the weaver of calico, cloth, or other 
such fabrics, will hardly realize at once the amount of detail which this peculiarity involves in 
the manufacture of hosiery, to suit all the different shapes and qualities required, entailing as 
it does the necessity that the machines employed shall be easily adapted to make articles of very 
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pnd mitlj of aliMMt, UilckneM^ ud dcgreat ot dwtloitT. The frMneworic-knittar's dd hud- 
&«iiie, wbieb hu for to nany yeu* b«co •Imntt the only appkntnt oommerciaUy emplcjrd in 
nunatkotoniig knitled weaiing sppuel, tbongh now doiwiea to the Kme fnte u many otbet 
tH&nt oontriTanoM oT fonura yeuij i« eTen y«t in Um Hidlftnd diitriot in Knglwid the meuM ot 
ptododiig th« Iftrgm part of the haiaiy m*d& 

The Mlf-eotiDK mafhine for hnittiag hoelery by power, inTented by Arthur Paget^ and 
deeoribed by him before the IncL U. E. in IB70. i« icown in geoenl elevation and oeotum in 
Fig*. 4S92, 4B33, and it* eonstruotioD and action will be better nnderstood by oondnln^ the atten- 
ti(^ at Sat to the five piimaiy parts which aotnally manipolate tbe thread In knitting it into wab. 



TbcM are ibown half eIm In Fig. 48H, and enlarged detaOi are glren twioe fbU ■!» in Vin. 
1SIS6 to «e8. The five primary parti are the thread tuba deUveriiig the thread, the linkw, the 
needle, the kDoeKng-orer bit and the oorerer. The action will flirt be explained of thew in 
primary parta whioE manipulate the thread, and then of the leoondary parta which eifeot the 
moTemanta of the primary parts. 

JWfMy.— In tbe making o( the web, aa eontradiatingniahed ftom narrowlDg at ehaping it, the 
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four flnt-meutioiied of the aWe primary parte «te enipki;^ ed, the 

rowing ; and the Buccewive -' "■- -— — "'"-v-"" ii.= »^h 

The neeJIea are all 

knitted, as Been at 1. -o- 

apon eaah siiiker S, each of 
whiob has ita lower end or 
tail proje-""" ■'"—^"•"l* 
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Bd of tbe abore primary porla ate enipui;^ ed, toe ooTer tiein^ naea only wnea nar- 
ucceaaiTe etagaa m the prooess of makuu tlie wtb are shown m Fioi. 1S68 and 1S75. 
11 attangeddde by aide tn a row aa wide m tbe greatcrt width (J tbe lutiole to be 
. N in In^ ises, 1866, and above and between Uie needlea is a projeotiaD <« web 



S) 3 



eanrlfig down with it a loop of the thread ; In this way a series oi 

ottho aiems of the needlM, aa in Fig. 4869. The curve of the ai^ , --^ , .. . 

depresses the sinkers in sncceseion as it trnverBeB across tbe machine, is made of aniji a form that 
each sinker has fully completed its desoent or snnk its loop, before tbe web of the next ono conies 
down upon tbe thread. If this were not done, the thread would have to be drawn np by tbe one 
•inker under the next one, while the latter was prcwing on tbe thread ; and aa moat hoaiery 
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ia,' when &eteqDitedwidth<rf'needlMlns been pMScdoi . , . . 

between two of the needleai as in Fig. 4B69, thni formioK the loop of the last or aelTedge needle 
witbont the aU of the linker. The vhole row of needles than retire or are dnwn backwards, as in 
Fig. 48TD ; and the endi of the hooks, technically called the beards of the needles, pass aver and 
encloie the loops just formed by the sinkers. 

The preswr-bw B, Figs. 4861 and 1871, now deeoendi ; and being made witb groovea in its face . 




tiuongh which the Mnken slide, the walls of theaa gnwves press the paints of the hcards of the 
needles into the groaves in their stenw, as seen in Fig. 4871, and dotted in Fig. 4859. The needle* 
then retire still &rtfaer. the new loops being still ronnd the sf * 



M the ptdnta of the beards 



fami^ 



■r the beards of Uie 

„. . the presset^bar B is 

rly entend (he old loop* on the needle*, 
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Fig. 4872. The needles^ still oontinoiog to retire, draw the new loops which are nnder the beards 
up to the old ones which are over the bearda, and then draw the new loops through the old ones, 
the latter being held by the knocking-over bits K, as in Fig. 4878. When the needles next 
advance, the old loops draw down below the heads of the needles, as in Fig. 4874 ; this proeess is 
called knocking over the loops, and to ensure its being thoroughly done and all the loops 
well bevelled, in length, the needles are made to retire a second wne, and thus draw the loops 
again tight against the face of the knocking-over bits. The needles then advance, and the 
sinkers S descend, as in Fig. 4874, so that the tails of the sinkers keep the loops behind them, 
while the needles continue to advance and their stems slide forward through the new loops, as in 
Fig. 4875, until they have reached again their former position, shown in 1^ 48G8. The tbzead- 



4873. 



4873. 



4874. 



4875. 





tube T now descends between the same two needles between which it previouslv descended ; and 
all the parts assume the position they were in before the commencement of the knittinfl^ this first 
row of loops, as in Fig. 4868, with the exception that the thread-tube is now at the other side of 
the machine. The same process is then repeated, the thread-tube now Iving the thread across the 
needles from left to risht, instead of ftam right to left as before ; and thus the knitted web is 
increased successively by adding a row of loops, called a course, alternately from left to right and 
from right to left, one course being added for each revolution of the oam-Bhaft of the macmne. 

Narrowing, — ^For narrowing the knitted web in order to shape or fashion it, the simplest method 
woidd seem to be merdy to stop the traverse of the thread-tube one, two, or more needles earlier 
than before, and so make the web narrower on one or both sides. But if this were all that was 
done, the loops on the needles so left beyond the traverse of the thread-tube would in the next 
course be pushed off the needles and dropped ; and, as will be seen from the diagram. Fig. 4866, a 
dropped loon or stitch in knitted web runs down as it is termed, and produces a aefe^ or kind 
of elongated hole commonly called a ladder. To avoid this defect it is necessary to secure the 
loops which would thus be pushed off the needles and dropped; and the method employed to effect 
thlA is identical, as fSur as the construction of the web is concerned, with that used for many years 
by the firamework knitters. This method consists in narrowing the web at certain intervalsby two 
needles at a time, the intervals or number of courses between each narrowing being regulated so as 
to produce an approximation to the curve desired, as, for instance, in the leg of a stocking, so as to 
fit correctly. Tne approximation is used, because if the web knitted were rigid and inelastic 
the shape produced would really be narrowed by a series of sudden steps instead of being a 
suitable curve; but as the knitted web is thoroughly elastic, the steps are not peroeptibU^ and 
the result is a well-shaped stocking or other article. The essential piincinle of the narrowing is 
that the two loops to be narrowed are removed from two needles at the eage of the web, and are 
transferred to the two needles next to them and nearer to the centre of the machine. Thus these 
two needles have each two loops upon them, and one of the loops in the next row of knitting is 
then drawn through each of these pairs of loops, exactly as before described in makine web ; by 
this means Uie loops, which would otherwise have run down, are held secure. But as this pair m 
double loops produce a slight thickening and distortion of tne web wherever they occur, and as it 
is considered a point of great importance to avoid even the slightest irregularity of the selvedge, 
it is usual to transfer four loops mstead of only two, and to move them all four a distance of two 
needles sideways, as before described ; thus the two loops nearest the selved^ are left single and 
perfect, and the thickening is produced in the next two loops, as diown at D m Fig, 4866. Instead 
of moving four loops, any other number might be moved ; and instead of moving the loops two 
needles sideways at a time, they might be moved only one needle at a time; but the ordinary work 
is four loops moved and two needles narrowed. The transfer of the four extreme loops on either 
side of the knitted web for the purpose of producing a narrowing, is effected by means of the 
ooverers, shown at in Figs. 4854 and 4864. These are smaU pointed instrumental having each a 
groove on the under side, as in Figs. 4856 to 4858, by which the n^le head and beard can be covered. 
Four of these ooverers, fixed at the same pitch or gauge as the needles, are carried in a small slide 
E, Figa. 4864 and 4885, which slides upon the rooldng slide-bar F extending across the machine in 
front of the row of needles ; there is one of these slides at each end of the bar, the four coveren 
being opposite to the four outer needles on each side of the knitted web. When a narrowing is to 
be made, the ooverers advance together towards the needles until the points of the ooverers C reach 
a little over the point of the beards of the needles N, as in Fig. 4876, at the same time the sinkera 
8 are lifted up. The ooverers are now depressed at the points or tilted downwards, so that their 
points enter into the grooves in the stems of the needles, and they cover and press down the bauds 
of the needles, as in Fig. 4877. The needles and ooverers then retire together, and the points of 
the ooverers enter into the loops on the needles. Fig. 4877. The loops slide along the coveren 
as these oontiuue to retire with the needles, being held forwards by the face of the knooking-over 
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btte K anUl tbe beadi of tha dbmUm bun ntind belihtd the Hum of thm koooklnK-oTsr bit^ h in 



npwuda, Fig. 4S79, m u to b« olwr of Uw ii«edl«a utd tha kiMokitig-OT«r biti. 

Thej •!« now tnnned ktenll;, or, tMhniaJI; ipMkiiig, ahomed. > diatanoe of two nceiUaa 
toirudi the ootia of width of the web, outtuik with them the font loop* they have picked np^ 
and tfaef an thin deiw«ned again npon the neaoa of the four needka ot«t which the; luTe now 
bean bioagbt, m In Fig. 48S0. Of theae foni needlea tbe t 




beard^ whllaeadiofthe two imeronoi baa a loop booked oodw Ita beard, laihown In Ftg. 4880 
Tba alnkera S now deaoend, and the needlea and oorerera together adranoe : and the lotna being 
held book bj the talla of the aiDken, glide along the oorenn aa theaa are wltbdrawD, Fig. 1880. 
TI>e needlea and oorerera eontinne to adranoB tog«tber, ODtll theloopaalideoffowthe pdntaot 
the eovoren, aa In Fig. 4881. and aie tbna again tntnafened fron theeorema to tbe needka. Tbe 
rarerere then letiM to tha^tion ther were in oririnaUj, aa Been in Siga. 4861 and 4885. Tbia 
nanowing opatatlon la perionned tHnallj on both aelvedgea of the web ^ndteneonalj, and at the 
aante time tna length d tlie tra waaa (tf the thnad-tnba T ia ledooed to two needlea narrower on 



•l()ngthetopbarofthemaehIiie,ng.4S62. Thballdehaaaeordattaohed tolt at eaobend.and tba 
two oordi are led ninnd gnide-palleTB and bnnight toeethar at the lefl-bMH] aide of the maobine to 
a doDble-gnioTed pulley D, Pig, 48S2, called the drawing-acroei pnlley, whiob ia oarriod on the Ml 
endof the cem-sfaatlH of the machine. In Figs. 4B8T to 4891 are shown aide T<ewi of the pnlley, 
and in Fig. 4890 a back view. Each oord has an iron bob at the end, and in Fig. 4B87 the right- 
band ooid-bob la ihown jnat ready to be taken bold of by the notch J that ia made aoraaa tbe two 
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grooves in the pulley. Ab the pulley revolyee, this notch takes hold of the oord-bob and thiu 
draws round with it the oord, as in Fig. 4888, thereby drawing also the driying slide Q, Fig. 4882, 
towards the right-hand end of the machine. Meanwhile the other or left-hand oord-bob has been 
drawn up to the periphery of the pulley, Fig. 4888, but not until after the notch has passed it, so 
that it is not taken hold of durine this revolution. When the pulley has revolved further, as in 
Fig. 4879, a stud projecting from the side of the tongue J, which is hinged in the drcumferenoe of 
the pulley, impinges on the fixed incline L, bolted to the frame of the machine, Fig. 4890 ; the 
tongue J is thus raised, and throws out or disengages the cord-bob, which fidls down into the 
trough below, thus stopping the traverse of the slide G that is drawn by the cord, Fig. 4882. 
During the next revolution of the drawiog-acroes pulley it will draw the left-Iiand cord and then 
disengage it in the same way when the traverse of the slide is completed. Thus during alternate 
revolutions, the slide driving the thread-tube is drawn across the machine from left to right and 
then from right to left. The position of the fixed incline L, Figs. 4887 to 4890, is adjustable for 
disengaging the cord-bobs at the proper point, according to the length of traverse that is required 
for the slide G. On occasion of a narrowing having to be made, as vie dide G is then reauired not 
to make its traverse, the disengaging lever M, Figs. 4890, 4891, is brought up against tne side of 
the drawing-aoroes pulley so as to raise the projectuig stud of the tongue J, ana hold the tongue 
up through the length of the arc of the lever, as shown in Fig. 4891 ; it thusprevents the notch in 
the pulley from catchinp; the cord-bob in this revolution of the pulley. When the narrowing is 
completed, the lever M is withdrawn again, as shown by the dotted line in Fig. 4890, and is then 
dear of the stud on the tongue J. 

The slide G, driving the thread-tube T, Fi^ 4882 to 4886, carries an incline I projecting in 
front called the thread-layer incline, which drives with it across the machine the horizontal 
thread-slide Q, sliding on the bar P that extends across the machine. This horizontal slide 
carries a vertical slide B, holding the thread-tube T; and the incline I drives the horizontal 
slide Q by bearing against the inclined top of the vertical slide B, Fig. 4882, which is held up in 
its place by a latoh D until near the end of the traverse. The latch is then unlatched by an 
incline J projecting from the thread-layer stop H ; but by means of a peg L projecting &om the 
vertical thread-slide R, and resting upon the raised ledge M on the stop H, the vertical slide B is 
still held up until the moment that the horizontal slide Q is stopped by the stop H. At that 
same moment the peg L clears the ledge M ; and the vertical elide B with the thread-tube T is 
then driven down oetween two of the needles, as shown in Figs. 4885, 4886, by the incline I acting 
upon the inclined top of the slide B.' For the return traverse of the horizontal thread-slide Q, 
the thread-tube and its vertical slide B are lifted again by the thread-layer lifting bar U, 
Fig. 4885^ which extends all across the machine ; this lifts the slide B in whatever position across 
the machme it may happen to be, by means of the peg L projecting forward over the bar. The 
lifting bar U is carried by the two front arms of uie rocking shaft, which has a third arm 
projecting backwards, and acted upon by a cam on the cam-shaft. The sinkers S, Fig. 4854, are 
free to slide up and down, and are held sideways at their upper ends in grooves in the &ont and 
back bars P and W, Figs. 4864 and 4885. In the operation of knitting they are driven down 
or sunk, each in succession, by the curved sinker Incline A, Figs. 4885, 4886, which is carried by the 
traversing slide G ; the incline A, as it traverses, drives the sinkers down by acting on the upper 
edge of that portion of them which is between the two grooved bars P and W, as shown in 
Figs. 4865 and 4885. The descent of the sinkers thus follows dosely the laying of the thread by the 
thread-tube as it traverses across the machine. Each sinker is held from fiedling, before the 
sinker incline drives it down, by a sinker spring Y, Fig. 4885, which latches it up in tiiat position * 
by taking into the notch at the back of the simmer near the top, as shown in Fig. 4864, and this 
same sinker spring assLsts the sinker in falling at the end of its descent, by beimng against the 
inclined top of the sinker, as shown in Fig. 4885. The sinkers are stopped at the end of their descent 
by the sinker lifting-bar X, Figs. 4864 and 4885 ; and they are all simultaneously lifted when 
required b^ the same bar, which is itself lifted by a rod at each end passing down to a rocking 
shaft that is acted upon bv a cam on the cam-shaft. The sinkers are all lowered simultaneously 
when required by the sinker lowering-bar Y, which lowers them by its under edge beuing upon 
the projection in front of each sinker ; this bar is lowered by two rods and a rocking shut and 
cam, in somewhat the same manner as the sinker lifting-bar is raised. 

The needles, N, Fig. 4854, aro fixed in a bar Z at theoack, Figs. 4864 and 4885, and rest in front 
on the upper edge of the knocking-over bar which holds the knocking-over bits K ; the needles 
slide on the knocking-over bar as they retiro and advance. The retiring and advancing are 
effected by a rocking shaft Z, Fig. 4853, the two upper arms of which are joined to the back of the 
needle-bar, and the one lower arm is acted upon by a cam on the cam-shaft H. The piessei^ 
bar B, Figs. 4864 and 4885, which, in descending, presses the beards of the needles down into the 
groove in their stem, as shown in Fig. 4871, receives its movements from the same rods and 
rocking shaft that move the sinker lowering-bar T, the pressing motion of the bar B being 
effected by a second cam. 

The narrowing movements of all the primary parts except the coverer, are produced by tho 
same meclianism that effects the movements for koitting the web, but by a differont set of cams on 
the same shaft. The movements of the coverers in Mlvancing, depressing, elevating, and with- 
drawing them, are effected by the arrangement shown in Figs. 4852, 4853, consisting of a slide* 
bar F carried between centreis which allow the coverers to be depressed and elevated* at the 
points by means of a lever A ; this lever is also shown in Figs. 4896 to 4901, and is actuated by 
the cam B. The centres carrying the slide-bar F, Figs. 4852, 4853, 4864. and 4885, are themselves 
carried in a rocking frame, which allows the coverers to be advanced ana withdrawn by a cam for 
that purpose. 

The coverer slides E, Figs. 4864 and 4885. which are also shown by a dotted line E in 
Figs. 4882 and 4886, are traversed or shoggcd along their slide-bar F by the pin B carried in the 
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lower [wrtorUietbtekd-lftrer atop H>l each aide oT the machine: when the ooTerer slide* u« in 
position to be •hogged, the pin B tbDle againit thslr eide md ptuhea them along the ■lide-bu 




towude the oentre of width of the machine. The threkd-Iayer ttopa H are thenuelTeB aboK 
along the bar P, on which they alide b; the action of the sho^ng ratchet C, Figa. 4882 to £ 
Thin vorhi aa a oompoDnd knee-lerer into the mtehet-teetb in the alide-bar P ; thna when the 
Joint C is lifted, ea shown in Fig. 4681, the ratchet talcSB t, tooth, and then when the jdot is 
lowBred, as in Fig. 4882. it shogg the ttireod-lBjer atop H bIobk the bar P, and tbereby shoga also 
the coveri'T slide E and the thread^layer slirle-Q canying the tibread-tube T. The travene of the 
thrmd-tubs is accordingly elopped two needles oirlier on each aide of the maobine by the stopa B. 
Tiie liftins of tlie sbogging nitcbet C, Fig. 4884, is done by the bar O, Figs. 4SS3 and 4885, which 
ia actuated by a cam, and lifts the pin of the ratcliet- joint ; it holds the joint tip nntil the oo«ei«r 
slides E, npnn thtir rocking fmme, have been bronght into line with the pins B, and the joint ia 
then lowered again by the bar O, wberebj the coverer alidet are Bh<%ged laterally tbrongh the 
Kquired diatance. Tbe sbnpe and length of the article that is beloe knitted are rpgnlated by an 
' endless pitch-chain of peculiar constnictinn which, though believed by the writer to be tittle need 
in England, is frequently employed in France, and is called there "chain Vanoanaon," after ile 
inventor, the great engineer ViinnnBon. Thie chain, shown at O, in Figa. 4892, 489S, ia shown 
full size in Figs. 4894, 4895. It is drawn towarde the cani-sbBftE of the machine, Figs. 4H92, 489S. 
through the distance of one link for each Terolntion of the shaft by means of the eccentric and 
ntlcb t D. Immediately above the chain ia the narrowing handle B, the lifting of which into the 
poeition ahown hj the dotted lines during one revolution of the ehaft H, will canae the mncbina 
to muke a narrowing daring that revolution. The lifting ofthia narrowing handle can be done by 
hand, if required, but it Is nsnally effected by a link N inserted in the chain. This link, called ■ 
namwing unk, baa on its upper mrfboe a prujectiiig incline, Fig. 4894, which, when drawn onder 
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th» DHTowliig ll«l<lI^ tub It, u iliowii In Fig. 4898, ukd thai nttkai k iMmwlnjc tn tbe fa 
ADOthw aort of link 8 U ftlao abown id Vtn. iSM, ISSS, oalled • «topptDg linl^ Eaving an 
pTOieetion at iU tide ; thia link li jnaarted in tli» ehain whenTM it is widied that tbe nuicltine 
•bail be (topped. Mid tbo atoppage if elhatti by the (tipping link QdlatobiDg the sliding hkndle F 
wbfoh oarnei tlie tightening pnllef O. This pulle; pteMing •gaJnit the driTlng gnt of the 
machins, gtToa tendon leqninte fbr driTtng it, m abown in Pig. 4892, tbe atopping huidle being 
latched in that poeition bj tbe projeoting lag I on Ita aide ealehmg againM the gnide in which It ia 
d, aa ahown in Fig. 4898 ■ bnt when the ate " 






le atopping link eanti the handle, u in Fig. 4883, tbe 





iLi^a 



e*t(-h I is h1>entted, and llie driring gnt Is thereby daokened and tbe machine alopped. Each 
plain link in tbe pitcb^ohsin repieaents therefore one row of loop* or one oonrae in tbe knilling, 
and eaob narrowing link repreaenta a nanowing, and e««h (topping link represanta the ootnpletion 
of the piece to be knitted. 



npoo the cam-sh^ but is driTen ronod with ft, as ihown in Figa. 4896 to 4901. Tbe serenil <a 
are ao ariBaged in their distances ddewaja along tbe sliding cam-tnbe U. that when the mn-tnb« 
ia at tbe t^ht-bond side of the 'r'F"''ir»j aa abown in Figt 4896, 4807, and the back rlew. 
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Fig. 4900, tbs Mt of eami for web making utts on the Yariona leren bnd unu of tlie noUng 
shafts, vhile the Mt of oasu for narrowing pcusee clear oD the right-hand side of them. Bot 
when the oam-tabe M with ita two sets of cauu is traversed along the cam-shaA H ahoTe J in. 
towoids the left aide of the nmchine, as shown in Figs. 489S, 1899, and 4901, tlien the aet of catna 
for narroviog acta in torn upon the levers and rockiog shafts, and thus canae a n&rrowing. 
When tlie cam-tube is trBversed back again to the right-hand side of the machine^ the maldng of 
web is reeiuned and continaed until the cams are again traversed to the left. 

The longitudinal traTersinE movement of the cam-tabe is effected bj an arm P attached to the 
cam-tube M, and driven round bv the cam-tube driver Q, which is secored npon the cam-shaft H. 
Bt'low the ana F are a pair of helical inclines E and L, Figs. 4900, 4901, the upper one K for 
traversiDg the cam-tube from right to left, and the lower one L for traversing it t«ck from left 
to right. This pair of belifsl inclines are attached to an axle of the narrowing handle E, 
Figs. 4S92, 4S93, ao that when the handle is raised the? are lowered, and nice arai. Thos when 
the narrowing handle is lifted for narrowing, and the helical loweied, as in Fig. 4898, the cam- 
tube arm P will be acted upon b; the upper incline E, as shown in Fig. 4901, and the cam-tnbe 
H will be traversed to the left-hand, as lu Figa. 4899 aad 4901, causing several narrowing cams to 




come into action iipon tbelr respective levers. If on the next revolatlon of the cam-shan H, tho 

uarmwing handle is lowered for web making, and the helical inclines raised, aa in F^. 4^6^ 
the lower incline L will then oome into oontact with the stud J on the cam-tube arm P, aa showir 
in Fig. 4900, and will traverse the cam-tube M back again towards the right-hs>nd end of tfab 
machine, as in Figs. 4897 and 4900, and the ctuns for the web-maklng movements will come into 
operation so long as the narrowing handle is not raiaod again, the etud J will onntinne to pasa 
Iwlow the upper helical incline E and alongside of the lower one L, aa in Fig, 4000, and the cam- 
tabe will not be travaraed ; but whenever the narrowing handle ia lifted the web-making move- 
ments will be stopped, and a narrowing will be effected. There are altogether twelve cams upon 
the cam-tube M for producing the various movements required in knitting and in narrowing, and 
of the three cams shown in Figs, 4896 to490I,tbecamB acting on the lever A produces the elevation 
and depression of the coverers in narrowing, bj tilting the oavcrer alide-bar F, Figs. 4864 and 4^5, 
upon the centres on which it is carried in the rocking frame, while the pair of cams 8 S acting 
nltemately upon the lever T, Figs. 4896 to 4901, produce the rertical movements of the piesaer- 
bar B and the sinker lowering-bar T, Figs, 4S64 and 486^. 
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In oonolnsion, with reference to the speed of working of the aelf-ftotusff knitting maehine, as 
oompared with the older methods of knitting, it may be taken that a sldlled knitter with oidinary 
knitting pins will knit about sixty stitohes or loops a minute in knitting the leg of a stocking. 
A skilled framework knitter will with his hand-frame knit on the same work about 5400 stitohM 
a minute, whereas a girl will on the same work attend to three of the self-acting machines, each 
making fifty courses a minute of 18) in« width and 20 stitches an inch, the three maohinea 
together thus making 40,500 stitdies a minute. A large number of these self-acting wi«i^K^n^ 
are now in use, having been in Boooessful operation for seyeral yean. 

KYANIZING. 

A method of preserving wood from dij-rot, introdnoed by Eyan. The operation oonsists in 
soaking the wood in a solution of ooirosive sublimate, which forms a new chemical compound 
with the albumen, and prevents the destructive power going on. At first the proportions used 
were 1 lb. of corrosive sublimate to 4 gallons of water, but on subsequent trials it was found 
that the wood absorbed about 6 or 7 lbs. of the salt a loao, which would have rendered the process 
too costly for general use. Ultimately the proportions were reduced to 1 lb. of corrosive sub- 
limate to 10 ^dlons of water when a maximum strength was required, and 1 lb. to 15 gallons 
of water when a minimum ; with the latter proportion Ih lb. was sufficient for a load of timber 
containing 50 cub. ft. The solution is contained in a wooden tank, put together so *i» ftt no metal 
of any kind can come in contact with it. The salt dissolves beet in tepid water. The time 
required to saturate the timber depends on its thickness. Twenty-four hours are usually allowed 
for each inch in thioknesB of boaxds and small timber. Large timber requires from a fortnight 
to three weeks. 

Notwithstanding that ooRodve sublimate is highly destructive to all fenna of ^«<miii Ufe, 
Kyan's nrocess has not been found effective either aninst the worm or white ant, though it appears 
to have had some effect in retarding the dry-rot. If is now seldom used, and other mMhods nave 
replaced this once over-praised remedy. 

Another process formerly in great frvour vras that by Sir William Burnett. It had for its 
object, in common with kyai&sing, the coagulation of the albumen of the wood. Burnett used, in 
a wooden tank, a solution of chloride of ginoj in the proportion of 1 lb. to 4 gallons of wator. 

Timber requires to be inunersed for about two days for each vooh in tmckness, and afterwards 
taken out and left to dry fr!om fourteen to ninety days. 

The process is applicable to canvas, ropes, and similar articles, which require to be immersed 
in the solution for about forty-eight nours, and then taken out and dried. The process on wood 
may be more ei^ieditiously pcoformed by means of the hydnulic press, with which the solution 
of chloride of nno is foroea into the timber. Where the timber can be kept toleritbly dry, it 
is no doubt beneficial, as it tends to harden the wood, and rendera it partially incombustible, and 
it is also supposed to prevent the attacks of insects, which are found to commit great ravages in 
the interior fittings of vessels. 

One of the most successfril means yet tried of preserving timber, whether from the effects 
of exposure to the weather, dry-rot. or the attacks of worms and insects, is by impregnating 
its substance with oreosoU, one of tne products obtained from the distillation of ooal-tar, and 
posaeasing powerful antiseptic properties. When injected into tiiie wood, creosote hay the effect 
of coagulating tiie albumen, thereby preventing decomposition, and the bituminous oil with which 
it is combined enters the capillary tubes of the wood, closiDg up its pores so as to exclude both 
air and moisture, and the noxious properties of the oU have the effect of repelling both wonns and 
insects. 

Several attempts have been made from time to time to introduce creosote into notice as a pre- 
servative of wood; but it was not until 1888 that it became extensivelv used. The opinions of 
enflpneers, who have used it for the preservation of railway sleepm in au «iimfttAft^ both at home 
and abroad, have been strongly in its favour, and its power of enabling timber to resist putrefaction, 
and to a considerable extent of repelling the attacks of the sea-worm and white ant, when properly 
applied and in sufficient quantitv, has been placed bejond doubt. 

It was found, however, bv Stevenson to have failed in repelling the attacks of the Lktmoria 
terebrans at Invergorden in Scotland, where the piles of a jetty, erected in 1858, and which had 
been thoroughly creosoted, ^ were very much eaten and pmorated " in about four years after 
being fixed ; and Stevenson, in a paper ** On the Bavages of the ZomiorMi terebrans^'* read before 
the Royal Society in 1862, gave it as his opinion that the process of creosoting preserved timber 
from the attacks of marine insects only so long as the oil existed as a film, or coating, on the outside 
of the timber. When the attrition caused bv the motion of the sea removed this film or coatings 
and exposed the fibrous surfiftoe of the timber, the insects would then attack and perforate it whether 
it was creosoted or not, its search being for a flbrooa substance in which to burrow. 

The mode of impregnating wood with creosote adopted by Bethell is to dry out the moisture 
from the pores of the timber by passing all the smoke and products of combustion from the burning 
fuel through the drying house so as to pass between the duTerent pieces of woed, thus dryine and 
smoking them at the same time, after the manner that hams, bacon, and fish are smoked and 
cured. By this mode of drving, wood tibat has been cut down for several months loses in ten 
hours about 8 lbs. in weight a cubic foot ; and if immersed in hot creoeote oil in open tanks 
directiy after it leaves the diying hous& and while warm, it quickly absorbs the oil to the extent 
of 8 or 9 lbs. a cubic foot Another metnod is to place the timoer, after it leaves the drying house, 
in a wrought-iron cylinder with closed ends, and to force in the heated oil at a pressure of about 
170 lbs. to the square inch. The heat is kept up in order to prevent the creosote from crystallizing 
in the pores of the wood during the process. Under this system, pine, fir, or other soft wood easily 
absorbs from 10 to 12 lbs. of ou a euoic foot. For railway works, Bethell considered 7 lbs. a cubic 
foot sufficient, but for marine works he recommended tliat 10 lbs. of the oil a cubic foot, at least, 
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should be forced into the wood, and aome engineers have reqnired even 12 lbs. Into oek and other 
hard woods, particularly those of India^ it is sometimes difficult to force more than 2 or 8 lbs. of 
the oil, even by the heayiest pressure. The Saul-wood of India was seldom penetrated more than 
^ of an inch fit>m the surface. 

Another method which is applicable to the preservation of straight-grained or porous timber, 
was introduced some years ago by M. Boucherie, a French chemist. Lutead of using great pressiire 
to impregnate the timber, as in creosoting, he applied a moderate pressure only to one end of the log or 
tree, which had the effect of expelling the sap, and permitted the pores of the timber to be filled with 
the preserying fluid, which consisted of a solution composed of 1 part of sulphate of copper to 100 
parts of water by weight ; the specific gravity of the solution at 60^Fahr., when of proper stien^h. 
being 1 *006, or nearly so. Tiie process is as follows ; — A water-tight cap is placed on one end of 
the log to be saturateid, and the solution is introduced within it by a flexible tube. The pressure 
required not being more than from 15 to 20 lbs. on the square inch, it may be obtained in a very 
simple wayby raising the tank which contains the solution to the heisht of 30 or 40 ft. from the 
ground. When the pressure is applied, the sap runs in a stream from we opposite end of the log ; 
and a ready means exists of discoyering when it is exhausted and the whole length of the timrar 
penetrated by the solution, by simplv rubbing the end with a piece of pmsstate of potash, whkd& 
will leave a deep brown mark when brought into contact with the sulphate of copper. 

There are certain kinds of timber which are impenetrable by the solution applied in the manner 
described. It answers best with newly-felled beech, birch, larch, Sootch pine, alder, elm, or poplar. 
Trees felled any time between November and Hav can be prepared in the latter month, but when 
cut dowa in May, or any month between that and November, tney should be prepared within three 
weeks of the time of felling. 

It was found, during the preparation of htfge quantities of timber for the Freneh navy and 
Kttilways, that the time necessary for the operation depends both on the length of the tree and on 
the description of timber. Trees of 40 A. in length, prepared at Fontainebleau for the French navy, 
reqnired from eight to ten days to become Bufii<^ntly impregnated ; whereas, for a length of 9 ft. 
only, the process was aocomplished in twenty-four hours. One great advantage attending 
Bouoherie*8 method is the small cost of the apparatus reauired. 

' Boucherie also used the impure pyrolignite of iron, wnich was ioand not only to preserve the 
wood from decay, but to harden it to a very high degree. 

lb Cure the Diy^Bot, — When onoe tbis disease has set in, the cure is very difiionlt, as the whole 
place where the timber is situated becomes infected. Measures should be immediately taken to 
provide proper ventilation, and to cut off the access of moisture ; the diseased parts of the timber 
sliould be out away, and every particle of fungus removed bv brushing the walls and adjoining 
timbers; after which a wash should be applied to all infected places, consisting of some solution 
thai wUl destroy any germs of fungi that may have escaped the brush. 

Davy proposed corrosive sublimate, whicn should not be of less strength than 1 os. to every 
gallon of water, laid on hot. 

A solution of sulphate of copper, in the proportion of about 8 oi. to a gallon of water, is said to 
make an excellent wash, and is cheaper than tne corrosive snblimato. 

A mixture of sulphato of copper and sulphuric acid in the proportion of 1 lb, of each to 6 gallons 
of water has been found to preserve timber for nearly twice the o^niinary period. The sulphato of 
Qopper should first be dissolved in 1 gallon of boiling water, and the remainder of the water and 
mphurio add added afterwards. 

Sulphato of iron has been used as a wash for timber, but it is not so efficacious as sulphato of 
oopper. 

Oil of tar also makes an excellent wash for timber that is infected with the dry-rot^ but the 
smell is very much against its use in situations that are inhabited. 

When a mere antiseptic is required, probably one of the best that can be used is carbolic add 
in its crude stote. The surface of the timber and the place on which it resto should be washed over 
wifrli it ; but, like oil of tor, the smell is objectionable in some situations. 

To prevent the attacks of the sea-worm, the most effectual remedy is to thoroughly impregnate 
the wood with creosote. Kails closely driven over the surface of piles below high water, when 
earefuUy performed, have been found to protect them from the attack of these animals. This and 
Qovering the surfaoe with sheet copper, are perhaps the only methods known of resisting the attack 
of the Limmarii tertbrans. 

The only timber that will resist the whitoant is teak (Tectona grandU) and ironwood 
(Sideroxyhn), The Jarrah wood of Australia sometimes escapes their ravages, but all other woods 
are attacked by them. The only effectual remedy has been creosoto ; but even that, if it has not 
penetrated the wood thoroughly, will not avail. 

Corrosive sublimate, chloride of zinc, salts of lead, even creosote and carbolic acid, have aU 
been tried at Bt Helena with no more effect thui to retaxd the destruction of the wood for a few 
m<mths. m 

For the true ant, or Ibrmiwi, arsenic has been used in the West Indies; and Thunberg has 
found cajeput oil effectual in destroyiog the red ante of Batovia : he used it to preserve his boxes 
of specimens from them. When ante were placed in a box anointed with this oil, they died in a 
few minutes. 

Books on Preaermng TMber .•— Bowden (W.), * On Dry-Rot,' 8vo, 1810. Mathew (P.), * On Naval 
Timber,' 8yo, 1812. Chapman (W.), 'A Treatise on the Preservation of Timber/ 8vo, 1817. 
Lingard, * On Timber,* 8yo, 1827. George (J.). * The Cause of Dry-Bot Dificovered,* 8vo, 1829. 
Birkbeck (Dr.), 'On the Preservation of Timber by Eyan's Process,' 8yo, 1834. Dickson (Dr.), 
' A Lecture on Dry-Rot,' 8yo. 1838. Faraday (M.), * On the Pmctical Prevention of Dry-Bot in 
Timber, 8vo^ 1838. Tredgold s * Carpentry,' by J. T. Hurst, or. 8vo, 1871. 
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LAMP, SAFETY. Fb., Lampe de sArH^; OlB., Sicherheitthmpe ; Ital., Lampada di Heurtb. 

In mines subject to the aocnmulation of firedamp it has always been desirable to have 
methods of lightmg incapable of oommunioating^ oombnation to the snzronnding atmosphere. 
The primitiTe method of effecting this consisted in the use of the steel mill, a circular piece of 
steel fixed to the axis of one of a pair of multiplying wheels, arranged in a frame so as to be 
rotated (quickly against the sharp edge of a flint, and so produce, by a succession of sparks, a 
feeble light. This uncertain, expensive, and, under certam drcumstanoes, dangerous plan, was 
eyentualTy superseded by the lamp invented by Sir Humphry Davy. The Davy lampowes its 
comparative safety to its having the flame surrounded with a cylinder of wire gauze. When it is 
immersed in an explosive atmosphere the inflammable gas enters from without, and bums in the 
gauze cage, but, in consequence of the cooling power of the wire gauze, no flame can pass outward 
to ignite the surrounding atmosphere. The miner is therefore warned of his danger by the 
appearance of the lamp. 

The Davy lamp ia not entirely safe, and the unsafety of this and other lamps so much trusted 
and so largeW used in our coal mines, has been indisputably proved by the accidents which have 
occurred, and the careful and systematic experiments made on the lamps. The cause of this failure^ 
particularly with the Davy, Glumy, and Stephenson lamps, briefly stated, is that, although while in 
a still atmosphere of explosive gas they only bum or neat so much air or gas as the natural 
ventilation caused by their flame and the flame of the buming gas brings to them, yet when 
immersed in a current moving in a determinate direction tiiey are compeued to bum a quantity 
of gas represented by the area of the croes-section of the open parts, and by the velocity of the 
current passing: for instance, a Davy lamp will consume about 13 cub. ft. of pure air an hour; 
suppose this consumption to be quadmpleid when the lamp \a placed in a quiet atmosphere of 
explosive gas, eoual to a consumption of 50 cub. ft. an hour, but placed in a current of 10 ft a 
second, what wul its consumption be ? The sectional area of a Davy lamp cylinder will be 

7J sq. in^ /. consumption = -^ r^ = 1860 cub. ft. an hour, about thirty-seven times 

what it was in the other case. Now the consumption of thirty-seven times as much gas means the 
evolution of thirty-seven times as much heat, and this in the same time, therefore the gauze 
and surrounding air have to radiate and conduct away thirty-seven times as much heat a second, 
minute, or hour. But the radiating and conducting powers of iron and air are not inflnite, 
hence a point arrives at which the task is too great, and the gauze and in due course the sur* 
rounding gas are so highly heated as to explode. The danger is the ereater when it is further 
oonsidexed that there is an action somewhat similar to that of the fan blast on a smith's flre, and 
that the current clears away the products of combustion, so that they do not impede the con- 
sumption of the next following gas ; thus a much move intense heat ie produced. 

Hann's safety lamps are constructed on the plan of protecting the flame of the lamp, and the 
whole space included within the wire gauze, from the currents of air or gas passing outside it. 
Thus, instead of allowing air to pass freely through all parts of the gauze, as in the Davy lamp, 
or to pass only through a gauze above a short glass cylinder, as in the Clanny, or to pass to some 
extent under and freelv over the ends of a glass cylinder within a gauze cylinder, as in the 
Stephenson, no air is allowed to enter except tnrough apertures properly placed, and air is only 
allowed to escape ftom the upper end, and not from any part of the sides of the gauze, both the 
inlet and outlet being adequately protected ttcm any direct current of air or gas. 

Hann's improv«nentB are applied both to the original Stephenson and the Glanuy lamps. The 
oonstruction of the former lamp differs fkom a Davy only in tne following particulars ; within the 
gauze is a tall glass chimney surmounted by a copper perforated cap, the air enters the lamp 
through some ajMrtures below the glass, and through whatever open space may exist between the 
notched ring supporting the glass sSod the outside frame, and escapes not only from the end of the 
gauze cylinder, out firom the sides of the perforated cap. 

In Hann's lamps the inlet and outlet are prescribea and shielded in the following manner: — 
First, in the improved Stephenson, or No. 1 lamp, of which Figs. 4904, 4905, are elevations. Fig. 
4906 a section, the inlet in through the apertures at 6, the air is obliged to pass through the lower 
part of the gauze cylinder. Fig. 4907, ana then through the slits in the screw ring c, shown enlarged 
at Fig. 4910. Upon the flat ^irt of the upper edge of this screw ring stands the glass cylinder d, 
which reaches nearly to the top of the gauze cylinder : it is surmounted by a brass tube «, fitting 
to it accurately, but not tightly, by a swedged end ; this metallic tube goes ri^ht up under the top 
plates, and carries the whole escaping air up the end of the gauze cylinder through which alone it 
can escape. This outlet is protected b^ an arrangement of a pair of parallel plates, by means of 
which a current, whatever be its direction, cannot strike this point of outlet direct, it can onlv do 
so by a reflex or diverted current, yet the products of the comoustion have ample space for their 
escape. The other points deserving notice are that the upper edge of the screw ring c carries a 
projecting rim, which better secures the slass cylinder. If, from anv drcumstanoes advantageous, 
the common device of a cone can be put m the metallic tube, which may sometimes improve the 
current in the lamp. Fig. 4906 shows the inlet-holes tumed upwards into a cavity within the 
boss a, by which means the current affects the lamp still more indirectly. Fig. 4908 is a horizontal 
section through this boss a, and shows the vertical air-holes ; the niche a is made for the seam of 
the gauze a', iMg. 4907, to flt into. Fig. 4911 is the lamp-glass, shown also at d. Fig. 4906. 

Figs. 4902, 4903. illustrate the No. 2, or improved Clumy lamp, in which the air enters through 
apertures in every respect the same as those in tne No. 1, it then passes through a screw ring, which is 
very similar to Fig. 4910, and which carries a strip of wire gauze, covering all the openings through 
it. This screw rine supports a strong glass cylinaer, of about 2) to 2f in. in length, the upper end 
of which is enclosed in a framework similar to that of the ordinary Olanny. A brass tube, as in 
the No. 1, surmounts the glass. The brass tube carries at its lower end a flat, wide flange, which 
rests on the glass, and thus, when the lamp is put together, it is impossible for the tube to move 
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while the glaas remains iniaot. The upper end of this braes tabe is closed by a plate of perforated 
oopper brazed to the tabe. The outlet is protected in the same manner as in the No. 1. 

In both lamps it is advantageous to keep the top of the gauze and brass cylinders a little below 
the position shown in the figures ; they are thus removed still farther from the currents of air. 

The Ko. 1 lamp consists of'^six principal ports;— oil vessel. Fig. 4909, upper main frame. 
Fig. 4905, screw ring, glass cylinder, gauze cylinder, brass tuba No. 2 of five principal parts : — oil 
vessel, main frame, screw ring, glass cylinder. Fig. 4911, brass cvlinder. The Davy lamp of five 
principal parts ;— oil vessel, main frame, small ring, gauze cylinder, gauze cap. The Glanny lamp 
of ei<ht principal parts ;^il vessel, main frame, lower screw ring, glass cylinder, upper screw ring, 
small ring, gauze cylinder, gauze cap. The Stephenson lamp has seven principal puis ;— oil vessel, 
main frame, screw ring, gauze, glass, two copper cap-pieces. Thus Hann's lamps are rather 
simnler than more complex as compared with thoee now generally used, and yet a strong lamp is 
produced. 

The results of these arrangements are that great safety is procured, for these lamps haye sne- 
oessf uUy withstood the extreme velocity of 50 ft. a second, a velocity unknown in mines ; an improved 
light is afforded compared with the same class of Limp ; and yet the lamps are neither heavy, large, 
expenaivc^ nor complicated, all very important pomts. They are among the few new lamps that 
haye received the practical approval of any considerable numoer of mining engineers. 

The relative amount of light given out by the undermentioned safety Tamps was carefully 
determined by John Pattinson, of Newcastle-on-Tyne, and he found the following results. In 
each of the Umips the same kind of oil, and the same land of wicks were used, and each lamp 
was trimmed so as to give the greatest amount of light without smoking. All the lamps were 
made by one and the same manufacturer, and the light measured by a photometer. Assuming 
the amount of light given by the ordinary Davv lamp to be represented by 1000, the following 
numbers represent tne relative amount of light given out by the other lamps experimented 
with; — 

OidinaryDayy 1000 

Ordinary Stephenson 1063 

Hann's Improved Stephenson 1242 

Ordinary Glanny 2345 

Hann's Improved Clanny 8399 

Thus whilst the ordinary Stephenson lamp gives but a little more light than the Davy 
Hann's Improved Stephenson givee about one-quarter more light; and whilst the ordinary 
Glanny gives about 2|rd times more light than the Davy, Hann's Improved Clanny gives over 
3^rd times more light. 

LATHE. Fb., Tour; GiB., DrMank; Itau, Tomio; Spah., Tbmo. 

See Hahiv-Tools. MAOHnn Tools. 

LATTICE GIBDEB. Fb., FoiUre m iredlis! GsB., GitUrtrdger; Ital., Trav€ hlV anwrioamo; 
Span., Viga de cekfsia, 

SeeBniDox. 

LAP. Vn^^JUooumrement du tiroir ; GxB., Deckung ; Span., Tapadura, 

See Stbam-Enoinb. Sudb-Yalvn. 

LAUNDER. Fb., Mahay (en Belg.) hoisage d€la$oU d'uru gaUrie d^moouiemefU ; Gib., Gefiuder ; 
Span., ArUsa {Mmeria). 

The name given by miners to the trough which receives the powdered ore fh>m the box where 
it is beaten. 

LEAD. Fb., Phmb; Gbb., Bki; Ital., PionAo; Span., Pkmo. 

Atomic weight, 207. Molecular weight unknown. 

Lead is obtained chiefly from its native sulphuret, known by the name of galena. There are 
various processes for extracting the metaL Otie is to partially roast .the ore, when a portion of 
the sulpnur becomes sulphate of lead. 

PbS + 2(^J) = B¥h^^ 

Bolpfaaret Ozygeii. Sulpbata 

oflMd. of letd. 

A second portion produces oxide of lead and snlphureouB anhydride. 

2PbS + 8(^1) = 2ee, + 2Pbe 

Bolpbnret Ozygen. SaljAiiTeons OzMa 

of lead. aabjilride. of lead. 

A third portion remains unaltered as sulphuret of lead. 

When it is judged that oxidation is sufficiently advanced for the mass to contain the required 
proportions of oxide, sulphate and sulphuret, the ingress of the air is stopped, and the heat greatly 
increased. The sulphate and oxide of lead react upon the sulphuret ; snlphureeus anhydride 
is liberated, and metallic lead remains at the bottom of the furnace. 

Pbs + BPbe« = 2se, + 2in) 

Salpbaret SolDhato Salphareooa LMd. 

of lead. otleMl. anhydride. 

Pb9 + 2PbG s Se, + 3Pb 
Sulphuret Chdde Satphureow Lead, 

of lead. of lead. anojdrlde. 

This is called the reaction process. 
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The lead may also be eztraoted by transforming all the enlphniet into oxide by roaating, 
and afterwards reducing the oxide by means of oarbon, or by heating the galena directly with 
iron, which combines with the sulphur and liberates the lead. 

Lead is of a bluish grey colour. When fresh cut it presents a bright metallic appearance^ 
but it is quickly blackened by exposure to the air, owing to the formation of a thin film of oxide. 
It is soft, and leaves a streak upon paper. The density or spedflo gravity of pure lead is 1 1 * 44, 
and instead pf increasing under cold-oeating, as the other metals do, it decreases. Lead oryB- 
tallizes in regular octahedrons, or in four-sided pyzamids. These crystals may be obtained 
artificially. It fuses readily at about 625° ; before the gas blow-pipe it may be volatilized. This 
metal occupies the sixth rank for malleability, and the eightn for ductility. Its tenacity is 
very low. 

Lead in a state of fusion possesses the pzoperfy of dissolving a small quantity of oxide, which 
tenders it brittle ; but its original qualities may be restored by stirring it with a piece of oharooal. 
It preserves itself for an indefinite time when exposed to the air; for though a thin film of oxide 
forms on its surfisce when exposed, this film preserves the remaining metal from farther oxida- 
tion. When heated, however, it readily becomes oxidised. When lead is placed in pure water 
exposed to the air, it absorbs the oxygen and the oarbonic anhydride, and gives a hydrated car- 
bonate of lead. The soluble salts, and especiaUy sulphate of lime, prevent this reaction fixmi 
taking place. This explains why the pipes of fountains do not become oxidized. 

Hydroohlorio and dilute sulphuric acid do not sensibly act upon lead. Concentrated sulphniie 
acid acts upon it by liberating sulphureous anhydride and producing sulphate of lead. The 
best solvent of this metal is nitric acid. Lead readily combines with mercury, and forms an 
amalgam which is liquid or solid according ae the mercury or the lead predominates. 

Lead is tetratomic. It combines with ifour molecules of two monatomio organic radicals^ etbyl 
and methyL The following are known ; — 

Ethyl lead .. .. Pb(-e,H,y | Methyl lead .. .. Pb (^H,)* 

The formula of these compounds is not uncertain ; for We may substitute chlorine or iodine for 
a quarter of the ethyl or me&yl, and this would be impossible if they contained lees than four 
mdecules of these radicals. 

With the simple monatomio substances, lead always acts as a bivalent, which amounts to 
saying that it is never saturated. There exist 

A chloride of lead PbCl, | An iodide of lead ^\ 

A bromide ,, . . Pb Br, | A fluoride „ . . Pb Fl, 

Lead combines also with the diatomic metalloids ; with sulphur it forms a single compound ; 

sulphuret of lead, Pb S. With oxygen it combines in various proportions, hence four distinct 

oxides ;-^ 

A suboxide Pb,0 I Bed-lead iH>i^4 

A protoxide Pb O | A binoxide (plumbic anhydride) ¥b 0, 

Pbl^H 
Along with the protoxide must be placed a condensed hydrate, m,!'^ ^ whioh the salts 

X ^ haa hitherto not been obtained, but a large number 

of salts are known resulting from the subbtitution of acid radicals for the typical hydrogen of 
this base. 

Haloid Compounds cf Lead, — Chhride of Lead, Pb <^ . — Chloride of lead may be prepared by 

heating oxide of lead with hydrochloric acid. By this means a white powder is obtained, which, 
when dissolved in boiling water, crystallizee, on the cooling of the liquor, in pretty acicular 
crvstals of a silvery lustre. This salt may wo be prepared by pouring hydrochloric add or a 
soluble chloride intu the cold solution of a salt of lead. 



1. 



Pbe + 2(H\) = pbd, + g}^ 



2. 



Oxide Hydruchloric Chloride Water, 

of lead. acid. of lead. 

Nentrol nitrate Chloride Sodic nitrate. Chloride 

of lead. ofaodinm. of lead. 



Chloride of lead is hardly soluble in cold water ; it is more soluble in boiling water. Alcohol 
does not dissolve it at alL ¥^hen heated, chloride of lead fuses before attainmg red heat, and 
when heated further, it gives off fumes freely. When fused and cooled, it becomes a translncid 
mass,^ capable of being out with a knife. For industriiJ purposes, as pigments, compounds of 
chloride and oxide of lead and oxychloride of lead are prepared, the true atomic composition 
of which is not known. All of these productions are of a yellow colour. 

Bromide of Lead, Pb Br.. — This is obtained by a double decomposition, by means of a soluble 
salt of lead and a soluble bromide ; it is insoluble in alcohol, hardly solul)le in cold water,-^ut 
more soluble in boiling water. Like the chloride it is obtained crystsdlized in pretty spangles by 
saturating it with boiling water and then leaving the water to cool. 

Iodide of Lead^ Pbl,. — This is prepared in the same way as the bromide and chloride, by 
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anbetitnting an iodide in the reaction for the chloride and bromide. Iodide of lead ia Tellow ; it 
U inaolable in alcohol, hardly solnble in cold water, but much more soluble in boiling water. 
On leaTing its hot solution to cool, it orystallizea in spangles of a rich gold colour. When fused 
while expowd to the air, it becomes an oxyiodide by losing iodine. When heated while protected 
from the air, it becomes a reddish yellow, then a brick red, afterwards a brown red. and fuses 
finally into a liquid of the same colour, which sets, on cooling, in a mass of a clear yellow colour. 
Iodide of lead combines with hydrochloric acid, the iodides of potassium, ammonium, &c., forming 
double salts ; with ammonia it forms an iodide, the symbol of which is [Pb H, N,] I^ 

ComJlmatums of Lead with the Diatomic MetaihndaASulplmret of Lead, ¥h B.--«ulphuret of lead 
is found in a natural state. It forms the most abundant lead ore, and is known in commerce as 
galena. It may be obtained artificially by acting upon the solution of a soluble salt of lead with 
hydrosulphurio add. 



Neatralnlteite Hjdrosnlpbnrio Nitric add. 



+ PbS 

Hjdn»dlpl»irio Kltricadd.' Salphnrat 

of! 



Sulphnret of lead, prepared by a double deoomposition, constitutes a black and amorphous 
powder. Ghklena, on the contrary, crystallizee in tne cubic form. Its crystals are of a bluish 
pey colour, and possess a metallic lustre. Its specific gravity is from 7 * 25 to 7 * 7 ; at a red heat 
it fuses, and may even become slightly Tolatiliaed. 

We have already seen that when galena is roasted, there are formed sulphureous anhydride, 
oxide, and sulphate of lead ; and also that when heated while unexposed to the air with the oxide 
or the sulphate, ndena gives sulphureous anhydride and metallic lead. Hydrochloric acid has 
no eifect upon ga&na, nor has dilute sulphuric acid ; but this latter acid when concentrated gives 
up oxygen to the galena, which passes into the state of sulphate, and reduces itself to water and 
sulphureous anhydride. Dilute nitric acid transforms ealena into nitrate of lead with a deposit 
of sulphur ; this sulphur comes ftxnn the hydrosulphuru) acid which is foimed at first, and which 
the nitric acid afterwards decomposes. 



PbS + 2 



Nitrloadd. Nttnte of ImmL Hjdrosalpl] 



Solphiirat Nitrloacid. Nttnte of ImmL Hydrosalphark 

oTlMd. Add. 

If the nitric acid is concentrated, a portion of the sulphur deposited beoomes oxidixed at its 
expense, sulphuric acid is produced, and this add predpitates an equivalent (quantity of lead as 
an insoluble sulphate. Thus the same products are ootained as with the dilute acid, and the 
sulphate of lead m addition. If the add is at its greatest concentration, the whole of the sulphur 
passes into the state of sulphuric add, and consequently only sulphate of lead is obtained. 

Galena is often argentiferous; the richest specimens are those which crystallize in little 
crystals. Along with the sulphnret of lead, Pb6, there appears to exist a heminnilphuret of this 
metal, Fb^ S, and a tetarto-sulphuret, Pb4 B. The hemi«suiphuret is formed during the metallur- 
gical treatment of galena. It may also be prepared by fusing two atoms of lead with one of 
sulphur. The tetarto-sulphnret is obtained by calduing 100 parts of galena with 84 of lead. 

Protoxide of Lead, PbO. — ^When lead is heated whue exposed to the air, a yellow powder is 
formed, known by the name of nuunootj which is nothing out protoxide of lead. Massicot is 
formed also when carbonate or nitrate of lead is subject^ to a certain degree of calcination. 
Hasncot when cooling from a state of fudon, crystallizes, and is then known as litharge. 

Oxide of lead assumes various shades of colour. If, for example, litharge be heated, it 
changes from a reddish to a light yellow, and goes back to its original colour as it cools. Lithsj^ 
decomposes the alkaline salts, libmting caustic alkali ; but to do this the plumbic oxide must be 
in excess. When boiled with a very concentrated solution of potassa litharge dissolves, but is 
again depodted in very heavy little crystals by the coolmg of the liquor. 

The protoxide of lead when fused and raised to a red heat absorbs oxygen, but gives it 
up again as it cools, like metedlic silver. When heated in an earthen cmdble, it combines with 
the dlicate of the crucible, forming a fudble silicate, and the cmdble is quickly burned through. 
Protoxide of lead produces the double decompodtion with the acids, ana gives very stable salts 
of lead. It is therefore a bade anhydride, we have already observed that it may be dissolved 
in the alkaline liquors, and that it may sometimes act aa an add anhydride. Its bade properties, 
however, are &r more important than its add properties. When protoxide of lead is heated for a 
long time while exposed to the air, red-lead is formed. 

Plumbic ffydrate, 9h j^^.^This hydrate is not known, but there exist a great number of 

salts corresponding to it, the most important of which are, the sulphate, the nitrate, the chromate, 
the acetate, and the carbonate. 

Sulphate of Lead,^^\Bt -—For printing purposes, acetate of aluminium is prepared by pred- 

pitating the sulphate of alumina by the acetate of lead ; sulphate of lead is formed in this 
reaction as an accessory product 

▲liimlnio AoelatooflMd. Acctois Solpbate of kid. 

•olpbate. of ftlamloa. 

The sulphate of lead is a white powder, insoluble in water, and pariially soluble in the add 
liquors. The ammoniacal salts dissolve it by causing with it the double decompodtion, that is, 

7 B 2 
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by deoomposing it. Of all these salts, tartrate of ammoninm dissolves aulpliate of lead best. 
The sulphate of lead is not deoomposable by heat alone, a quality that clearly dlatinguiahea it 
from the sulphates of all the other common metals. Iron, zinc, and carbon reduce it With 
carbon, according to the proportions in which the two substanceff are mixed, and the rapidity with 
which they are heated, the sulphate of lead is conyerted into sulphuret or subsnlphuiet of lead, 
or even into metallic lead ; in the two latter cases, sulphureous anhydride is eyolYed. When boiled 
with a solution of carbonate of soda, the sulphate ia converted into carbonate of lead, whilst the 
sodium passes into the state of a sulphate If a wetted compound of one molecule of sulphate of 
lead ana hal a molecule of lime be left, hydrate of lead will be formed, which may be oouTeatcd 
into acetate by dissolving it in acetic acid. These are so many meana of utilizing sulphate of 
lead, which is considered in workshops as of no value. 

Nitrate of Lead, ^^ {o N •~~'^^ nitrate is prepared by dissolving oxide of lead, or metallic 

lead in boiling nitric acid. As this salt is not very soluble in the acids, it is precipitated as it is 
formed. It is dissolved in water and then crystallized. Nitrate of lead dissolves much better in 
hot than in cold water. Alcohol does not dissolve it. Heat decomposes it into oxygen, hypo- 
nitride, and oxide of lead. When boiled with oxide of lead, it ia converted into a basic salt oar- 



{0\0 
0H *■ 



p»>{|^|; + Pb0 + I}© = 



Neatnl nitrate 
of lead. 



Oxide 
of lead. 



Water. 



fiano nitrate of lead. 



When heated with metallic lead and water, it is converted into nitrite with a great excess of 
metal. If this nitrite is subjected to the action of a current of carbonic anhydride, it gives car- 
bonate and neutral nitrite of lead. 



1. 



2. 







Pb 


eNe 


*">{SSS: + 


2Pb = i*b 
Fb 


e 
e 
eNe 


Nentral nltnte 


Lead. Triplumblo 
nitrite. 


of lead. 


f0Ne] 




■m 




(0Ne 


+ 2-ee, = 


Hlb^}«.) 


+ \ 



Pb 
Pb 

TriplainblG 
idtrite. 



Pb 



{ 



0Ne 
0Ne 



Carbonic 
anhydride. 



Carbonate 
of lead. 



Nentral 
nitrite of lead. 



ChromaU of X«ad^ n?> 0, . — Ohxomate of lead is prepared by double decomposition by means 
of acetate of lead and potassio chromata or diofaromate. 



kI/^« + «>|e-e;H,e - Pb/^« 



Cbromale 
<tfpotaB6a. 



Acetate of lead. 



Chromate 
of lead. 



2(«.=.|}e) 

Acetate of potaHUL 



Chromate of lead is also found native in the form of a red substance, crystallized in oblique 
rhomboidal prisms, the red-lead of mineralogistB. 

The artincial chromate is of a brisht yellow colour; it is used as a pigment under the name of 
chrome yellow. When mised to a lea heat it fuses, and sets, on cooling, in a reddish mass. If^ 
instead of precipitating the neutral chromate of potassa bv the neutral acetate of lead, liquors not 
neutral are precipitated, the precipitate has a variable ooloar. The colouss may also be made to 
vary with the temperature at which the precipitation is effected. Ganerally the chromates of 
lead are charged with metal in proportion to their redness. 

rO^ H 

Neutral Acetate of Lead, ^ iA^'h' "^ ^ ^' — ^^^^ ^^^ ^ ^^^^ ^ ^^^ simultaneous action of 

the air and the vapours of acetic acid, a basic acetate of lead is formed. Dissolved in an excess 
of acetic acid, this acetate gives a liquor which, when evaporated, leaves a deposit of beautiful 

X^'g'X+ 3 aq. The same salt may be obtained by dis- 
solving litharge in acetic acid. The neutral acetate of lead is extremely soluble in water. Ammonia 
does not precipitate it, because this alkali gives with the plumbic salts, not hydrate, but sub-salto 
of lead, and the sub-salts of lead are soluble. Neutral acetate of lead in aqueous solution when 
hot readily dissolves litharge. There is formed, in this case, either a simple Dibasic salt, or poly- 
plumbic salts. All these salts, when subjected to the action of a current of carbonic anhydride, 
give a precipitate of carbonate of lead, whilst the neutral acetate of the same metel regenerates 
itself. 

*'»> {11:1:1 + «.e + H.e = 2(«»{Si'=»®) 

Nentral aceute Oxide Water, Bnaalc acetate of lead. 



of lead. 



of lead. 



Btbaale snb-acetate Carbonic 

of lead. anbydrlde. 



= *^?b}«. + W'dl:!:! + H.e 



Carbonate 
of lead. 



Nentral acetate 
of lead. 



Water. 
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NeuircU CMomiU of L$ad^ ^ A 0, .—Carbonate of lead ia found oatiTe in crystala of the fourth 

order. In laboratoriea thia substance ia obtained in the form of a white pulTorolent powder by 
precipitating a solution of oarbonate of soda by a solution of acetate of lead. 

Oarbooiate of lead (white-lead), being much used as a pigment is prepared on a large scale. 
It is prepared for industrial purposes by two processes — one founded on an old metliod, known aa 
the Dutch process ; the other, modem, discoyered by Thdiard, and known as the Cliohy process. 

In the t)utch method, TesseLi fillea with vinegar, in which strips of lead rolled into spirals are 
suspended, are placed in a dung-heap in course of fermentation at a temperature of 95^ to 100^. 
These vessels are rudely closed with a piece of sheet lead. The strips of lead are thus subjected to 
the simultaneous action of the air, the vapours of acetic acid, and the carbonic anhydride ^hich is 
produced in the fermentation of the dung. Under the influence of the air and the vinegar the 
lead becomes at first covered with basic acetate, which, in contact with the carbonic anhydride, 
regenerates neutral acetate, and gives carbonate of lead. From time to time the film of carbonate 
adherent to the strips of metal is removed, and this salt washed, to rid it of the acetate which it 
contains. It is afterwards dried and pulverized. 

In the Clichy process, a sufficient quantity of litharge is dissolved in acetic acid to obtain the 
triplumbio acetate. 



Pb 
Pb 
Pb 



Pb e 
e 



e«,H,e) 



e€,H,ej 



+ 3aq. 



The solution of this salt is then subjected to the action of a current of carbonic anhydride, two 
molecules of oxide of lead separate in the state of carbonate, and the neutral acetate is regenerated. 

pb{e€,H,e) 

Triplumliic Carbonic Ovbonata KeatimlaoeUte 

Acetate. snbydride. oflMd. of lead. 

The regenerated neutral acetate, when boiled with litharge, famishes a fresh quantity of tri- 
plumbio acetate, which is again brought into the state of neutral carbonate, so that, with the 
exception of inevitable waste, the same quantity of acetic acid will serve for an indefinite time. 

White-lead obtained by this process is inferior in auality to that prepared by the Dutch method, 
on account of its being composed of crystalline and transparent particles, but its quality may be 
rendered equal to that of the other kind by boiling it with a small quantity of carbonate of 
potassa. 

Oarbonate of lead is decomposed by the influence of heat into oxide of lead and carbonic 
anhydride. 

^^^}e, = «e. + Pbe 

GWrbooato drbonic Oxide 

of lead. aDhjdride. of lead. 

It dissolves in the acid% and gives off carbonic anhydride ; at the same time water and a salt of 
lead are produced. 

Oaitonato Nitric add. CaiiMmic Nitrate of lead. Water, 

of lead. anhydride. 

Sulphuretted hydrogen blackens it, in common with all the other salts of lead, by forming a 
sulphuret of lead ; this renders colours containing it changeable. It has been proposed to restore 
the original colours of paintings blackened by suTphurettod hydrogen by subjecting tho painting 
to the action of oxygenated water. The sulphuret of lead is thus changed into a sulphate, which 
is white, like white-lead, and the colour is in this way restored. 



Pb 
Diplumbic ffydraie^ „, 



OHI 

O >. — This substance is obtained by precipitating a soluble salt of lead 
lOHl 

by potassa. The hydrate of lead is soluble in j,^ of its weight of water ; the alkalies in excess 
dissolve it readily. It is white in colour; when heated it lodes water, and is converted into a 
reddish anhydrous protoxide. 

Binoxide of Lead {Plumbic Anhydiide), PbO, . — Red-lead, as we shall presently see, may be 
considered as a plumbate of lead. When acted upon by the acids, it gives un to them the elements 
of the protoxide of lead, and there remains a puce-coloured powder, which, when washed and dried, 
constitutes plumbic anhydride, PbO,. This substance may also oe obtained by acting upon the 
protoxide of lead, in suspension in water, with hjrpochlorous acid. 

The binoxide of lead is an acid anhydride ; it combines with the bases and gives crystallized 
salts. Fr^y obtained, by heating this substance with potassic hydrate, a crystallised plumbate 
of potassa, to which he has applied the formula i'b O, , K, H- 3 aq., but which might bo written iu 

Pb) 
a more rational manner K, [04 -h 2 aq., thus referring it to the type of the normal plumbic acid 
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H W«* When heated with an acid, plnmbio anhydride loses oxygen, and is conyerted into a 

salt of lead ; hence it follows that a oomponnd of plmnbic anhydride and sulphuric add is a 
powerful oxidizing agent 

2«.e. + 2(«|»}e.) = 2(«|g}e.) + 2(|}e) + |} 

Plamblc Buphuilc acUL Solphate of lead. water. Oxygen. 

anbyUrlde. 

Red-Lead, or Saline Oxide, i^byO^. — ^This oxide may he regarded as a salt derived Cram the 
normal plumbic acid by the substitution of Pb, for H4 . 



©e. + Kii) + '^ = ?U«* 



Plumbic Hydrogen. Lead. Plnmbate of lead 

add. (red-lead). 

Red-lead may indeed be prepared by mixing potassio solutions of plmnbic anhydride' and 
protoxide of lead ; the red-lead will be precipitated in the hydrated state. For industrial purposes, 
red-lead is obtained by the simultaneous action of the air and heat upon the protoxide. So pre- 
pared, it does not offer a constant composition. 

Distinctive Characters of the Salts of Lead, — The soluble salts of lead may be known by the 
following characteristics: — 

1. Hydrochloric acid produces with them a white precipitate. This precipitate is insoluble 
in ammonia, which does not change the colour of it. It dissolves in Doiling water, and is 
deposited in crystalline spangles on the cooling of the liquor. 

2. Hydrosulphuric acid determines with them the formation of a black precipitate of sulphurate 
of lead, insoluble in the sulphurate of ammonium, and capable of being acted upon by boilings 
nitric acid, which converts it partly into a soluble nitrate and partly into an insoluole sulphate. 

8. Sulphuric acid precipiteites these salts white. The precipitate is soluble in taitrate of 
ammonia. 

4. The soluble chromates give with the salts of lead a yellow precipitate soluble in potash. 

5. The fixed alkalies give with them a white precipitate soluble in an excess of the reagent. 
The best-known ores of lead are the sulphurets, carbonates, nhosphates, arseniates, and sulphates ; 

but we shall restrict our observations to the first named, as the quantity obtained from the others 
is commercially unimportant. 

Galena or sulphuret of lead may be considered the matrix of all other lead ores; where they 
exist we are sure to find galena. It is always crystallized, however minute the crystals may be : 
the form of the crystals is a cube composed of rectangular plates. The colour of the ore is grey, 
similar to that of the polished metal, which it also resembles in lustre. It forms a grey metallic 
powder when rubbed. Its specific gravity is 7 * 3 to 7 * 7. Galena consists of 86 * 66 lead, and 13 ' 34 
sulphur. The ore contains also, at times, selenium, zinc, silver, copper, antimony, and other 
metals. Silver is the most valuable of these admixtures, and is generally extracted from tlie metaL 
German galena contains from '03 to '05 per cent, of silver; Uie English, '02 to *14; Swedish, 
'76 ; the ore at Monroe, Gt., 3 per cent. ; Eaton, N. H., '1 per cent. ; and that from the State of 
Arkansas may contain from '003 to '05 per cent. Galena occurs in beds and veins, both in crystal- 
line and stratified rock, particularly in tne carboniferous or mountain limestone. It is often asso- 
ciated with blende, iron ore, copper pyrites, and a variety of other lead ores. It occurs in gangue 
of heavy n>ar, calc spar, quartz, and other substances. Extensive deposits of it exist in the tJnited 
States. The lead ores of Missouri extend over 3000 square miles. From the Mississippi Biver, 
about 60 miles above St. Louis, they extend 70 miles in length and 45 miles in width, over a sterile^ 
rolling country, a highland prairie. The soil is reddish, coloured by iron, vrith day, full of flint 
and quartz pebbles, to the depth of 10 or 20 ft. The lead region of Wisconsin is equedly extensive 
as that of Missouri, if not more so ; it comprises about 5000 square miles, extending into Iowa and 
Illinois. Galena is not free from foreign metals, of which silver is alwavs present This ore is 
therefore not only an accidental silver ore, but it may be considered argentiferous in all its varieties. 
The amount of silver in lead ore is easily ascertained by an assay, and ought to be thus determined 
when it is doubtful. As a general rule, the purest kinds of galena contun the least silver. The 
ores of the secondary and younger formation, particularlythe ore of the limestone of that period, are 
always poor in silver. All deposits of galena which occur in heavy masses are also poor in silver. 
Galena which in small veins ramifies a stratified rock is generally rich in silver, and the smallest 
branches and forks are richest The heaviest deposits of galena occur in limestone rock. The 
dimensions of a vein diminish as it penetrates sandstone strata, and grow still smaller in traversing 
shale or slate. In these rocks the metal, is frequently replaced by clay or fragments of rock, and 
the vein does not show any ore. 

Alloys of Lead. — A very extensive use of the alloys of lead is made in type metal. Nine lead 
and I antimony form common type metal ; 7 lead and 1 antimony are used for large and soft type ; 
6 lead and 1 antimony for large type ; 5 lead and 1 antimony for middle tjrpe ; 4 lead and 1 anti- 
mony for small type ; and 3 lead and 1 antimony for the smallest kinds of type. Type metal 
frequently contains tin, copper, bismuth, and other metals. Stereotype metal is generally lead 
alloyed with antimony in the rates of 4 to 8 of the former to 1 of the latter ; to this are always added 
some bismuth, tin, and frequently a little copper. Soft solder varies ftom 66 lead to 33 lead in 100 
parts, the rest is tin. A small amount of bismuth renders lead tougher; equal parts of each and 
DlBmuth form a brittle alloy. Lead and tin melt together in all proportions, forming a harder and 
tougher metal than either alone. A small addition of lead to brass causes the latter to be tougher 
and more suitable for use in the machine shop. Lead has a strong affinity for carbon ; oxide of 



LEAD. 2316 

lew) mixed with flna carbon, and heated In s covered cmolble, forma ft black carburet of lead. Lead 
nnitea with potaaaium or sodiom like antimony, but doea not abeorb ao la^e qnantitjea of the 
alkaline nietals aa the latter. Araenio has a atrong afSnity for le«d, and combinea with it on 
ooTering melted lead with areeuioaa aoid ; araente-lead and oxide of lead are thna formed. Tbia 
alloj, w lead and 2 araemc, ia used for makieg allot, by dropping tbe fuaed metal from a hi|J) 
elevation in a aliot-tawer into a baain of wawr; or throwing tbe aaid metal down a Btaok of limited 
height, in which a atrong draught of air ia produced by a blaat moehiaa, Hercory amnlgamatci 
Tery readily with lead. A rod of lead, beet id the form of a aiphoo, will transfer neroury from one 
Tsaael to another ia tbe aame manner aa lam^wick oonducta oil. An amalnm of lead crjetollicea 
similar to that of gold, from which the super^eona mercury may be aeparBtedbypreaeing it through 
buckskin. Copper and lead do not oombine very readily, they require a wbite heat for union. 
The alloy thua formed, under tlie influenoe of a high heat, muit be Biuldeiily cooled, or both netala 
will aepamte in coaling. Lead may be separated mm oopper by liquation, b4 practiaed in refining 
tin ; but all tbe lead cannot be removed by tbeae means ; a aroBll quantity alvaya odberee tena- 
oionaly to copper. Thia alloy ia brittle ; a little lead is injurious to copper. Organ pipes comdst of 
lead alloyed with tin, about half and half. Thia alloy is cast, instead of rolled, in the desired fona 



of sheets, io order to obtain a crrstallized metal, which produces a finer tone. Tbe sheets are 
formed in easting the metal on a horizontal table, the thiokneaa ia riKuIalcd by the height of a rib, 
or bridge, at one end, over wiiioh the superf uaas metal flows otL llie rough sheota thna oblaloed 



are planed by meajis of a cerpenter'a plane, bent up. and soldered. 

tfanu/actare of Load. — Although lead may readily be revived from ita ores by applying a mode- 
rate heat end by simple means, yet, to obtain aa much metal as posaible at the least cost, has gtven 
rise to a variety of forms to fumaoea and methods in the treatment of ores. Galena ia rcauoed 
simply by melting it in a black pot. If a backwoodaman wants shot or bullets, he will kindle a flr« 
in a hollow tree or an old Btump of a tree, place some galena on the charred wood end melt it down. 
After cooling, he finds the metal at the bottom of the hollow. Formerly lead wea smelted in log 
fomooee, in MlaBouri-<B mde kind of square furnace, constructed of logs or stones. 

In the syatem of smelting l««d ores there is more variety than in any other elasa of amelting 
operations. The ore is muted, crnslied, and washed, preparaloiT to smelting, and these prepantiona 
are attended le with greatest care in Europe. We Hbairdcaeribe a few meUiods, and allude to such 
appMBtos and opemtioQa ouly aa are approved of at the present time. 

An ordinary metliud of smelting lead is to pick the ore well by band and remove gangne, wbich 
OODMBts chieSy of heavy epor and quartz, and then smelt it in teveltieiBtDry or blast fumaoce. The 
rioh slags olHained by these pmoeeaes are onoe more aubjectol la ameltiug m a stag furnace. There 
fa Dot much differenoe In tbe form of tbe reverberatorj fumaoce for amelting lead or other metala 
Tbe fomaae houth for smelting lead is about 8 ft. long and G ft. wide ; the hearth is 24 or 26 in. 
aboTe tbe bottom. There are two or three small work doors on each aide of the fumaoc, beside the 
tap-bole for the metal, and one for the scoria. The heartli is formed of poor refractory slaga, 
firmly rammed down to form a besiD towards tbe tap-elde. From this side tJie metal is nm into 
■n iron kettle, bwn whidi it is ladled into moulds. In the middle of the roof there ia an aperture 
fur charging Uie ore into the furnace. 

When the fomaoe is heated and charged with abont a ton of ore, a gentle heat Is applied for 
the flnt conple of houra. All the doors are closed during this intervd, and the register at the 
chimney is lowered. During this prooeas of awoating, some metal ia separated, and gathers in the 
basin of the furnace. When the ore ia thna uniformly heated, some fine cbarooul ia thrown 'v\\a 
the fumaoe, and mixed with the slag. The metal thna formed is tapped off, the heat raised, and 
then the alag ia diligently stirred. When the charcoal mixed with tne ore ia nearly consumed, 
more is thrown in, and the slag and coal are turned over together by means of paddles, or iron bera 
flattened at one end. Thia operation of aKemately throwing in fine coal, mixing it with the ora 
and tapping metal, ia continued until nearly all of it is exhausted &om the ore. The heat in the 
ftmaoo ia a dull red heat, kept up rather by meana of the burning sulphur than the combnstion ol 
any fuel in the grate. 

A ftum of reverberatory furnace uaed in England ia termed tbe Flmtshire fomaoe, FigB. 4912, 
4913. An arched air-valTe extends longitudinally under the bed, and at the flre-bridge end 



it oommunieatea with tbe external uir. On the orown of this arch, extending right and left, 
a level oonrse of brickwork, caJlcd the eramp-oonrae, ia laid : and on thia are plaoed inon crampa, 
which hold the tower ends of vertical wronght-iroo standardg. Upon the cramp-<Kiur8a a oonoave 
bed of oommoD briokwork, grouted with lime mortar, la raised solid, sloping from tbe back aa well 



I 
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BB from each end to the tap-hole in front, the bricks being set gnduftlly badk in eaeh 
course. At tbe front and back are openings at equal distimoes, and of the same dimensions. Theae 
openings are formed by strong cast-iron door-frames, bevelled off at the top towards the interior at • 

the funiaoe and at the bottoms, that the frames may stand firmly, with a slight inolmation inwards. 
In front of both series of door-frames, and on a level with the bottom of the openings in these { 

frames, extends a cast-iron plate about 10 ft. long, 7 in. wide, and 2 in. thick, set &twise and ^ 

horizontally. On the bevelled tops of each series of door-frames rests inclined a strong flat plate , 

of cast iron, to support the roof of the furnace on each side. In front of each series of door-fnunes, 
plates or jambs of cast iron, about | in. thick, are plaoed verticallv. There are four castings for 
each series, those at the ends, right and left, being different from those on each side of the middle 
door. On the sloping edges of these Jambs at the top rests inclined the cast-iron plate above men- 
tioned ; thus each door-frame is recessed. At the front of the furnace, below the middle door- 
frame, is a large plate of cast iron, called the tap-hole plate, strengthened by a longitudinal projecting 
rib at the top and bottom. In the middle of the tap-hole plate is a narrow vertical opening, fitted 
with a hinged door, and below the bottom of this door is the tap-hole. Immediately under the tap- 
hole plate, and facing the tap-hole, is a pot of cast iron, mucn thicker at the bottom, called the 
lead-pot, lead-pan, or lead-kettle, and contiguous to the tep-hole is a notch. The bed is covered 
in above with a low flat arch firmly supported on either side, and extending from the end wall oi 
the fire-place to the opposite or fine end of the furnace. Immediately above a line drawn from the 
middle of the door-frame nearest the fire-place at the front to the middle of the opposite door-frame 
at the back, the arch presents a very obtuse an^e, upon the importance of which, says Percy, 
stress is laid by the builders of these furnaces. From the middle of this line to the lower surface 
of the arch vertioEdly above the distance should be 17 in. ; from the middle of a line drawn from 
tbe door-frame nearest the fine to the opposite door-frame the distance to the top of the arch verti- 
oally above should be 13 in. ; and from the middle of the top of the fire-bridge to the top of the 
arch verticallv above it the distance should be 19 to. In the roof facing the middle door-frames, 
but nearest that at the front, is an opening through which the furnace is ohaiged from a bin or 
hopper above. The fire-hole for charging coal is at the back, aud the grate is ueed from clinker 
or cleaned at front. Above and in front of the ash-pit at the front is a short fine for carrying off 
any vapour that may proceed therefrom. An open space is left for the free circulation of air 
between the inner fire-place widl and the adjacent end wall of the bed. The upper part of the 
latter wall under the fire-bridge is supported oy a strong cast-iron platei called as usual the bridge- 
plate. At the opposite end of the furnace are two rectangular fines, tnat nearest the back larger 
than the other. The object of this difference is, it is stated, to cause more fiame to pass over the 
higher part of the bed contiguous to the larger flue. Both openings communicate with a common 
flue connected with a high stack ; and that flue is provided with a damper, of which much use ia 
made when the furnace is in operation. At the flue end on the outside there are recessed openings, 
corresponding to the two flues, through which access to them mav be gained. They are closed 
with nre-briok. The lead-pot is flrmly held in its place by a wrought-iron hoop. The space over 
the roof between the surrounding vertical walls is more or leas fitted with Mhes or sand to lessen 
loss of heat by radiation. 

The working bottom of the furnace is usually made of the grey slag supplied by the furnace 
itself. The slag having been broken up in pieces of about the same size, road metal is thrown into 
the furnace, previously made red hot, spreaa over the brick foundation, and then melted. When 
liquid it runs into the lower part or well of the frumaoe, where it is allowed tooool until it becomes 
pasty, in which state it is spread by rakes over the brick foundation, worked into the desired shape, 
and afterwards left to soliaify by cooling. 

The usual charge for a furnace is 21 cwt. of ore, with draughtage calculated to cover the 
moisture in the ore. The furnace being barely red hot, after working off the previous charge the 
ore is let toll from the hopper or bin through the hole in the arch underneath, spread pretty evenly 
over the bed, care being taken to prevent any of it from dropping into the deepest part or well of 
the furnace, and frequently stirred and turned over for two hours. During this operation the tem- 
perature in the furnace is regulated by the damper, and the doors are left open or only partially 
closed in order to admit the requisite quantity of air. Constant stirring and the highest tempe- 
rature compatible with the absence of pastiness or clotting are the essential conditions of this 
Stage. At the end of the two hours the grate is freed from clinkers and filled with coal, and the 
fire urged until the charge becomes semi-liquid, and any portion of it which may not have run 
towards the tap-hole is raked up to that which remained on the upper part of the furnace bed. 
The fire-door is now opened and the temperature lowered until the charge acquires the consistency 
of stiff padte, when the whole of it is pushed towards the bridge. The fire-door is then closed, and 
the charge melted down as quickly as possible iuto the well ; slaked lime in powder is thrown in 
and rakea over the surfi&ee of the melted noass. The slag and unreduced portion of ore being thus 
rendered sufficiently stiff; are again set-up on the sloping sides of the bed, there left to cool a little, 
and afterwards remelted. Lime again added, the slag is pushed back from the surface of the lead 
and left to drain a little, the lead tapped, and the slag is then raked out of the furnace in pasty 
lumps, termed grey slag. 

in. Gennany generaUy the ores are purified by hand ; washed, stamped, and washed again, and 
coasted with salt, or iron, or iron ore. 

The roasted ore is smelted in blast furnaces, which are from 12 to 14 ft. high. The front or 
tymp of the furnace is walled up with bricks, which are temporarily put in with clay mortar. 
The width of the furnace is from 12 to 14 in. square or oblong. The hearth, or bottom of the 
furnace^ is formed of a mixture of loam and charcoal dust firmly rammed in. The basin outside of 
the tymp contains the lead, which is tapped off by opening a tap-hole communicating with its 
bottom. The slags are conducted on a slope to a basin wherein they are aooumulated for le- 
smelting. 



rtMDger than the fonner, but in no cs«e more ttum } or ) lb. preemre. A fan-bloirer ii saffloient for 
cliaTi!<«l: coke leqnirei a cjlindci blust. Coke opentea u well u cbarooal, KUd yields eaaallj 
M mueh snd aa good metal &om tbe ore w the Utter. Id warkiog the romaoe it is wanned pre- 
Tionaly (o oliarging ore, whicb is mixed with flues, moh as litharge, iron ore, cale spar, flaor spur, 
or other mibst&ncee. Fool and oie are oharged altematalr, as at any other bhtst fomaoe. The blast 
is gently urged in ease charcoal is the t^el. Tbe metal, or metals, gather below tbe tufere in the 
baaaoi the tiearth, and sepamte iatOTarioni etntta; pure lead atid all IhesilTerieat the bottom; 
Dpoti this there is a etratum of alloyg of leed and other metals, and on the top a stratum of matt 
which ie coTersd h; the poor iilic.ioiu slags, Tbe Utter maj be caieliilly drawn off and remnved 
witliont drawinB any matt or metal. When the matt reaohea so high as to admit very little alag on 
its Bnibc« the blast is stom>ed, the tnjere tempotarily oleaed up, and the metal tapped into the 
baiin. Aa the pnreet metal ig below tlie matt, and the fimace tapped at the bottom, tliia flowa out 
first; and when the drawing ia not hnrticd, it may in some me«sare be sepamted firom the im^nre 
metal and the matt on ib top. Generally the metal is t^ped from the fnnuice at inttmala of eight 
honn, and very little Is left in tlie (uroaoe. When it is Ihos removed, the hcftrth ia cleared of 
adhering cinder by opening the tymp, and (he operation goes ou as before. A contlnaal blast of six 
dava and nights' work may thns bo majle, alter whieb the furnace is cooled and thoronghly repaired. 
In the basin before the hearth, into which the metal has been tapped, and which is kept well heated, 
the metals aenantte again into differeat strata, whiob.may be obtained after removing the cold omat 
of slags OS it forms on the BDiface. Aa the pureat lead is at the bottom of the basin, it ia ladled out 
after the upper strata of alloy and malt have been removed. Id this operation the poor slags are 
thrown away, and the rich ones and matt are re-«mdted with the ore. 

Tbe best and purest kind of lead it smelted in a modiSoation of the Flinlahire reverberatorj 
fuinaoe, known aa the Bowing foraace, Figs. 4914, 4915. Its chief points of differenoe are that it 




ba* a smaller nnmber of working openings. The bottom la carried on bata of irou, and there is a 
small pit at the aide arranged for the ov^ow of the legulna thim the le«d-pot. Tbo fuinaoe ia 
luually lined with flre-bri^ cased with granite, and has the workiDg bottom lined with ilag. The 
heartb ia very mueh aloped towards the small pits a. 

Tbe operation in this furnace is similar to that for other reTetberatoriea. The ore is 
•Dcoeaaively awetited. nested, and rednoed. The slags which remain after that operation are 
rednoed in the blast famaoe. In front of the famace, aa we have stated before, ia a cast-iron pan, 
or kettle, into which the Itad ia tapped, and from which it is ladled into the pig monlds. Id 
these pans very large crystals of lead may be obtained, when tbe metal is simisred, to ecol 

At the Hartz Hoontaina, in Northeni Qermany, galena ia reduoed by the asstatance of iron in 
blast or elbow furoaoc* ; see Fig, 30S9. When ooniBtnioted for Qsing coke, theoe fnmacea are 
verrlow.ornot more than3or4ft.higb; forobarooal they are fhim 19 to 20 ft. high. 

The ore which ia ametted in these fnraaoes is always extremely well prepared, ponndod, and 
washed. Instead of iron ore, granuUted cast iron is oaed with aucoess. The area may be very 
impnre, but the lead ia alwaya obtained in great purity. 

EaglM Ore-Jnarth.— Fig. 4916 isa verlical <»«. 

wctioD of the ore hearth bom front to back. 
The heartb oonaiats of twelve piecea of out 

8 ia the hearth bottom, meaanring in the 
North of England 22 in. aquare : the bottom 
8 in. thick, and the aidea 8 in. by 4} in. : it 
is open in front. Between the hearth bottom 
and the bed on which it reeta ia interpoaed a 
Uyer of Mnd a few inches thick. Tbe work- 
stone slopes 5 in. from tbe front edge of the ■ 
hearth bottom : it is 8 ft, long, 11 in. broad, 
and 2^ in. thick, having a raised border I ia 
high on its two sides and in trout, with a 
channel 2 in. irlde and 7 in. deep running 

diagonallv acroaa it. Tbe spaoe between the auder sorfcoe of tho work-stone and the briok or 
atone InnI ia generally fitted up with flre-cUy, or with a mixture oT •limfr<»e and bone aabea 
tempered with water. 
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2 k the bearer, a square block 6 in. on the side and 26 in. long. There is one on eacb 
side, overhanging somewhat the sides of the hearth bottom, and thus tending to keep it firm in 
its place. 

1, back stone, 28 in. long, 6} in. high, and 5 in. broad« The bellows noszle rests npon ihia 
stone. 

6, pipe-stone, 10 in. square and 28 in. long, with an opening on the under side to reoeiye the 
nozzle or tuyere. 

5, under back-stone, 28 in. long, 4 in. high, and 5 in. wide. This completes the back of the 
hearth. 

4, fore stone, 26 in. long, 6} in. high, and 5 in. broad. 

8 and adjacent stone, key-stones 10 in. square, two on each side. The two nearest the bade 
are phused upon the bearers, so as to be level with them on the inside. They are 22 in. apart, but 
the two in £nont are made to lie against the ends of the fore stone 4, and are 26 in. apart. 

8, cast-iron pot to receive the lead as it strikes down the channel in the work-stone. 

The fore stone is movable to a certain extent, and can be placed 10 in. from the back stone by 
being put in contact with the two key-stones nearest the back. If necessary it can be raised by 
the insertion of a fire-brick at each end between it and the bearer. Its usual position is 12 in. 
above the upper edge of the work-stone. The various parts of .the hearth are secured in their 
places by brickwork, and at the top it is finished level witn masonnr to receive any particles of ore^ 
called hearth ends, which may be expelled by the blast or projected by decrepitation. Each 
hearth is placed under a chimney. 

The blast is always directed downwards to the upper edge of the work-stone, as indicated by 
the lower dotted line. Fig. 4916. 

The duration of the smelting shift is from twelve to fifteen hours. The ore having been 
previously calcined, is put upon the surface of the fire between the fore stone and pipe-stone 
by 10 or 12 lbs. at a time. The fire being made up into shape represented bv the dotted line, 
with the fiame and blast principally issuing between the fore stone, which is kept at the proper 
height by a fire-brick, and work-stone, a stratum of ore is spread upon the horizontal surface 
of the brouse or semi-reduced agglomerated ore, and the whole suffered to remain exposed to 
the blast for about five minutes. At the end of that time one man plunges a poker into the 
fluid lead in the hearth bottom below the brouse, and raises the whole up at different places, 
so as to loosen and open the brouse, and in doing so to pull a part of it forward upon the work- 
stone, allowing the recently-added ore to sink down into the body of the heiurth. The poker ia 
now exchanged for a shovel, with which the brouse is examined upon the work-stone, and any 
lumps that may have been too much fused are broken to pieces; those which are so far agglutinated 
by tne heat as to be quite bard, and are further known by their brightness, the grey slags, being 
picked out and thrown aside to be afterwards smelted in the slag hearth. A little slaked lime in 
powder is then spread upon the brouse, which has been drawn forward upon the work-stone, if it 
exhibit a pasty appearance; and a portion of coal is added to the hearth, if necessary, which 
the workman Imows by experience. In the meantime the opening through which the blast passes 
into the hearth is cleared with a shovel and a peat placed immediately above it, which is held in 
its proper situation until it is fixed by the return of all the brouse from the work-stone into the 
hearth. The fire is made up again into the shape before described, and the same manipulations are 
repeated. At every stirring a fresh peat is put above the nozzle of the bellows, which divides 
the blast, and causes it to be distributed all over the hearth ; and as it bums away into light ashes 
an opening is left for the blast to issue freely into the body of the brouse. The soft and porous 
nature of dried peat moss renders it veir suitable for this purpose, but in some instances, where 
a deficiency of peats has occurred, blocks of wood of the same size have been used with little 
disadvantage. 

In using the ore hearth the following precautions should be observed; — ^The blast should be 
carefully regulated ; if too weak the ore is not reduced, and if too strong the contents of the hearth 
are melted. Both these evils should be avoided, but no special rules can be given, as the same 
blast is not eaually suitable for every kind of ore. In no case should the blast be more tlian 
sufficient to reduce the ore ; the blast should be as much divided as possible, and made to pass 
through every part of the breuse ; the hearth should be vigorously stirred at intervals, and a 
portion of its contents exposed upon the work-stone, when the pe^ially-melted lumps should be 
well broken to pieces, and the grey slag picked out. This breakmg to pieces, and exposure of the 
hotter part of the brouse upon the work-stone to the oxidizing action of the atmosphere, has a 
beneficial effect in promoting the reduction of lead, and lead always fiows most abundantly out of 
the hearth, immediately on the brouse, after that treatment. The quantity of lime used should not 
exceed what is needed to thicken the brouse to the proper degree, as it does not in the least con- 
tribute to reduce the ore by any chemical effect ; it is used to render the brouse less pasty, if from 
the heat being too great, or from the nature of the ore. 

Theory of Smelting Lead Orv.— The reduction of lead ores is extremelv simple. In all instances 
of smelting^ a considerable loss of metal is experienced, which has been the cause of a close 
examination of the process, and we may assert that no metallurgical operation is more thoroughly 
and scientifically known than the reviving of lead. This metal is in most instances the bearer of 
silver, the bulk of which is obtained from lead ores. In order to investigate the cause of the loss 
in lead metal, and also a suspected loss in precious metal, much labour and ingenuity have been 
bestowed on this subject. 

In the smelting of crude galena in a reverberatory furnace the sulphuret is at the commence- 
ment of the operation deprived of a part of its sulphur by heat ; metal is formed, and as oxygen 
finds access to the ore, oxide of lead, and consequently sulphate of lead, is also formed. The 
proportion of these substances depends of course on t&e degree of care bestowed npon the process. 
When after two hours the roasting of the ore is so far completed as to admit of its reduction, the 
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heat ifl raiBod so high aa.to form a pasty mass. Oxide of lead and sulphnret of lead now mix 
completely and fonn metal, solphoret, and sulphate, from whioh mixture the metal parts by force 
of ^TitatioQ. In mixing carbon with the slag the sulphate is reduced to sulphnret, which is 
agam deprived of its sulphur by heat Thus, by alternate oxidation and reduction of the ore, a 
certain amount of metal is abstracted. The reviTal of lead from the slag, causes it to be more 
refractory at the end to' the operation than it was at first, because the sulphnret, or the oxide of 
lead, which was the cause of its fusibility, is chiefly removed. When the slags are so pasty as to 
enclose grains of metal which have not the power of separating by gravity or cohesion, tney cannot 
yield any metal, although the whole of it may be revived. In or&r to obtain all the metal from 
the slag, it ought to be at least as fluid as the metal itself at the same degree of heat. Such a 
slag is not eaaily obtained without oxide of lead, or sulphurets of other metals. Salts of any 
kind, such as fluorides, chlorides, and sulphates, form the best auxiliaries in this operation ; and 
if present only in a small quantity they are of service. Lead, bismutti, antimony, and in fact 
all the fusible metals, will readily separate from other matter them metals, in virtue of their gravity 
and cohesion, but it is a necessary condition of their separation that the matter with which these 
metals are combined should be flmd. The metal cannot separate from a dry slag, an agglutination 
of its particles is necessary before it can subside. 

A fluid cinder is necessary not only for the agglutination of the metallio particles, but also for 
their production. When a dry or pulverulent mixture is mixed with carbon, oxygen may bo 
abstracted from it by the carbon ; but as the newly-formed particle of metal is exposed to the 
influence of oxygen — which it will absorb from the products of combustion if it cannot obtain it in 
another form — ^it will oxidize as quickly as it is reduced. If metallio oxid^ or sulphurets and 
slags, are fluid, the addition of carbon to the mixture will deprive the oxidized metal of oxygen ; 
and if the metal as well as the slags continue to be fluid, the latter will protect the flrst against 
oxygen. The fluidity of the slags will also admit of the subsidence and gathering of the metaUic 
particles. 

In smelting galena in a reverberatory, we deprive the slags gradually of the means of fluidity 
by abstracting uat metal from them which has oeen the cause of their f asibility. This abstraction 
can be carried only to a certain point When the slags cease to be fusible at the heat by which 
the metal melts, they must cease to furnish metal any further, however much may be contained in 
them. We perceive therefore very readily that the quantity of metal retained by the slag depends 
entirely on its fusibility, and not on its composition. L^td, like the precious metals, separates 
easily from all other matter, and thus far the composition of the slags has little effect on its quality. 
If in operating on galena, fluxes can be introduced which continue the fluidity of the slags at a 
moderate heat, all the lead, even the last partide of it, may be obtained. 

The fluidity of slags depends as well on heat as on their composition ; we may continue the 
fluidity of ;a slagby increasing the heat ; this, however applicable with some metals, is not the 
fact with lead. When the heat on metals is raised beyond a certain degree, th^ evaporate. In 
any smelting operation, therefore, it should not exceed that degree. Metallio lead, and especially 
oxide of le»l, sulphnret and salta of lead, are very volatile, and a strong heat on them must be 
avoided. It must oe therefore the practice to smelt lead by as low a heat as possible ; and in order 
to accomplish this, a mixture of ore must be prepared which affords a fusible slae without lead. 

Lead combines very readily with other substances under certain conditions, and in most instances 
in deflnite proportions. Iron will combine with sulphur in all proportions, but not so lead. There 
are various combloations of lead and sulphur, which, when exposed to heat, form the combination 
which we recognize in galena. If less sulphur is present, metal and sulphuret are formed. This 
aocounte for the revival of pure lead from galena that is partially roastea. In the composition of 
roverbemtory and blast-fuiiiaoe slags, we flnd the means of detecting the true conditions under 
which lead U smelted most profltably. 

A slag whioh had been deprived of its metal by a lone-continued operation in the reverberatory 
^sixteen hours' work— contained still ISper cent, of oxide of lead, 53 * 5 oxide of iron, 11*5 barytas, 
and 5 sulphnret of lead ; also 17 silex. This shows that the last particles of sulphur will adhere 
to lead, when cdl other substances are oxidized. A reverberatory slag, entirely free from sulphur, 
contained sulphate of barytas, 51 ; sulphate of lime, 10 * 5 ; fluoric acid, 1*5; protoxide of iron, 8 ; and 
oxide of lead, 34. A slag obtained twm impure galena, that is, an ore f^m which heavy spar could 
not be separated, was composed of 80 sulphate of fead, 24 sulphate of barytas, 5 * 6 gypsum, 8 * 5 fluoric 
acid, 14*7 carbonate of lime, 2 sulphnret of lead, 5*6 protoxide of iron, 8 oxide of zinc. A very 
fluid slag which flowed off with the metal, contained sulphate of lead, 9 ; sulphate of barytas, 30 ; 
sulphate of lime, 38 ; fluoric acid, 18*6; lime, 8*8; oxide of iron, 2 ; oxide of zinc, 2. This contains 
the least lead, and large quantities of alkaline salta ; all the alkaline earths are combined with some 
add, which renders the compound fluid. 

The last-mentioned slag is produced ham crude galena which has been merely fireed by hand 
fh>m impurities, and for these reasons we invite attention to it. It shows a very rational operation, 
and one most suitable for a rough country. The ore is charged in the fumsMw in the common 
manner, and reduced so far as it will fnmlBh metaL When the slag becomes too stiff for yielding 
metal, some flnely-pulverized fluate of lime is thrown in and mixed with the mass. This renders 
the barytas and gypsum fusible, and the reduction of galena may take place. So long as the 
fluidity of the slag is continued, lead is formed. To render this operation profltable, fluate of 
lime should be used in a considerable quantity ; but as this cannot be obtained always, we propose 
the substitution of chlorine for fluorine, whioh possesses in as high a degree as the latter the 
quality of fluxing sulphates. In this instance, gypsum and common salt may be pulverized to- 
gether when damp. These form a very fluid dag with barytas, lime, iron, and other metals. 

The following reverberatory slag shows that lead can be removed almost entirely from the ore, 
in oxidizing the mixture completely. A dag i^om zinc ore oontained 64*5 protoxide of iron, 
2*5 oxide of lead, 1 oxide of zmc, 2*5 alumina, and 29*5 silex. The iron and dlex here form the 
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Blag. It mnBt be obserred that in precipitating all the lead from a slag by means of iron, the 
metal will contain much iron, and be otherwise impure. When an ore contains mwh. zinc, theoro 
is hardly any other profitable way of smelting it than to flux by means of iron, either with iron 
ore or pyrites ; all or most of the zinc remains then in the slag. 

The slags of blast famaces differ somewhat from those of the reverberatory, in containing mora 
silex, and in most oases less lead. A slag which was formed at a moderate heat, and considered aa 
exhausted of lead, contained 34*4 oxide of iron, 6*6 oxide of lead, 7 lime, 9 sulphnret of iron, a 
little manganese and oxide Of zinc, and 84 * 8 silex. A slag from an argentiferous galena contained 

Protoxide of iron, 45*4; magnesia, 11*2; sulphnret of iron, 2; alumina, 3-9; and silex, 86*3. 
'he following proportions show that a large quantity of lime is of no advantage ;— protoxide <^ 
lion, 25; lime, 24; zinc. 10*6; oxide of lead, 3; alumina, 7; silex, 28*5. The following ia a 
profitable slag; — ^protoxide of iron, 34*8; oxide of zinc, 6*8; oxide of copper, 2*4; manganese, 7; 
lime, 6*6; magnesia, 6 ; oxide of lead, 2 ; sulphuret of iron, 12 ; alumina^ 3*4. 

When ores are exposed to a low heat Ihey hardly en^r into any combination with silex, and of 
these the oxides only. Sulphurets, sulphates, chlorides, fluorides, and in fact all other metallic 
compounds, do not combine with ailex ; it is only after all other matter is evaporated that the oxides 
unite with that add. We may smelt lead to perfection without forming any silicate, bat this 
requires the presence of a large quantity of chlorine, fluorine, or some .other permanent acid. In 
roasting the ores before smelting we are deprived of the advantages resulting from the fusibility of 
the sulphurets and acids, and are comnelled to form silicates, because those substances which form 
a fluid slag in the low heat of a reverberatory, evaporate in the heat of a blast furaaoe, and are 
lost. When it is in our power to fbrm a fusible slag, either by means of fluates or chlorides and 
sulphates, it is more profitable to smelt in a reverberatory than in a blast furnace, and precipitate 
the li»d to within a few per cent, in the first and only operation. In this instance the ore needs 
no crushing and expensive washing, a removal of the coarsest pieces of quartz and of the loam is the 
only labour necessary to be performed on it. The presence oi quartz will not influence the result, 
because when other acids are present it does not enter into combination. If no materials are at 
hand to form a fusible slag, either by natural or artificial means, then it is necessary to roast the 
ore and smelt in the blast furnace. In this instance the ores must b« roasted, because the sulphurets 
are very volatile, and will not resist the heat of that furnace. The most profitable flux is the 
protoxide oif iron. Lime or magnesia, and other alkaline earths, do not form sufficiently fluid slags 
to be used profltably. 

When oiioumstanoes render it necessary to smelt in blast furnaces, the operation ought to be 
conducted in such a manner as to obtain all the lead at one smelting. This appears sometimes to 
be difflcnlti but it is not so where cheap iron ore can be obtained in sufficient quantity. When a 
slag or ore is to be exposed to smelting in a blast furnace, it ought to be thoroughly oxidized ; 
because if any sulphur is left in it, even in the form of sulphate, lead and zinc are the flrat to 
evaporate. Lime apes not remove sulphur, but combines with it, like idl other alkalies. Iron, 
because it absorbs sulphur, and as easily parts with it, is the most suitable substance to mix with 
the sulphureous ore for the purpose of oxidation ; it forms a fluid slag at quite a low heat wfth 
silex, and is thus far the best flux in the blast furnace. Manganese serves equallv as well as iron, 
and may be substituted for it, but no other metallic oxide can be substituted for these two. 

When sulphurets of lead are roasted in the air, they are never entirely liberated from sulphur ; 
the most carefully roasted lead ore contains sulphur. Galena roasted with extreme care, in a 
heap, contained oxide of lead, 18 ; sulphate of leaa, 86 ; sulphuret of lead, 10. The same galena, 
roasted during seven hours in a reveroeratory, formed metallic lead, and the roasted ore powder 
consisted of oxide of lead, 80 ; sulphuret of lead, 46; metallic lead, 17; lion oxide and silex, 7. 
When other metals are present besides lead, such as iron, zinc, and others, they are oxidized before 
all the sidphur is removed. A persevering roasting of ten or twelve hours in a reverberatory fur- 
nace will remove much of the sulphur, but from 8 to 10 per cent of sulphate of lead remains in 
all instances. The presence of a large quantity of silex, say 25 per cent, of the ore, is the best 
means for the removal of sulphur. From such ore the last trace of sulphur may be removed in the 
reverberatory, or in roasting it in the open air. It would not make any difference by what means 
sulphur is removed in roasting, and silex might serve quite as well as iron, if it could be removed 
advantageously before bringing the ore or slag into the blafat furnace. 

In practice at the furnaces, we find the above principles operate under forms modified by local 
oircunistanoes. The smelters at a reverberatorr furnace alternately cool and heat the furnace, in 
order to oxidize and reduce^ by means of granulated coal. A fluid slag cannot quickly oxidize ; it 
is like melted metal in this respect ; there are no points of contact for the oxygen. The dryingup 
of the slags, by cold or dryins flux, such as lime, facilitates the oxidation of the solphnret. llie 
best plan is to run the metal and slags out continually, the first into a heated iron pan, the latter 
over damp charcoal-dust This mode of operation causes oxidation quicker than anv other. 
When the slag is cooled, it mav be recharged or reserved for the slag furnace. Slack coal should 
never be mixed with the slag for reduction ; a granulated coal aesists in forming large globules of 
metal ; it affords points of oxidation for the slag, and does not stiffen it so much as fine coal. 
When litharge is reduced in a reverberatory, it does not work well if both coal and litharge are 
fine; this is not from want of affinity or other secret causes. The powdered mass does not admit 
of the formation of a large globule of metal, or of motion in the fiuid metal, which is necessary 
for agglutination. And as oxide of lead, particularly when mixed with a refrsctory substance, does 
not melt at so low a heat as metcdlic lead, the whole mass must be heated trntil the mixture of 
oxide and coal begins to become fiuid. and admits of the subsidence of the metal. Litharge is 
easily reduced in the reverberatory. A charge, consisting of 1 ton of litharge, may be smelt^ in 
1| or 2 hours, when in a granulated form, but when finely-ground litharge or fine coal is used, 
twice as much time is required. When the heat must be urg^ so high as to melt the litharge, the 
process is slow. We find the principle of the operation here to be cUfferent from that of smelting 
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ore; if, in the latter case, we work the ore dry, as litharge^ we prodaoe but little metal. The 
cause of this iBy there are imparities and metal in close contact in the ore, and no large globule of 
metal can be formed, because the foreign mattte interposes between the particles of metal. 

The conditions uDder which snooessful smelting may be performed are therefore very plain. A 
fluid slag is in all cases required where impure ore is to be smelted ; pure ore, or litharge, may be 
wv>rked more dry than impure ore. Fusible slag may be produced by a yariety of means, of which 
heat is the most ayailabie, but not the most profitable. High heat causes a loss of metal by 
eyaporation ; it brings foreign metals into the lead, which are injurious to its quality. Lead ought 
.to be smelted at the lowest heat by which it can be melted. A low heat, or quick work, will 
produce the best metal in all Instances^ and as that kind of work demands less fuel and labour, too 
much attention cannot be bestowed on this subject Fusible slag should be formed by means of 
fluxes, not by heat, which will, in most instances, remoye those ingredients which cause fluidity. 
Protoxide of iron, which is most successfully formed of powdered hematite ore and carbon, forms 
readily a fusible slag, in the presence of chlorine, fluorme, sulphuric, phosphoric, or any other 
add ; but these aoids are soon evaporated by a strong heat. 

Smelters dislike the use of much iron in a reyerberatory as well as in the blast fnmaoe, 
because in its most fluid condition it acts upon the stones, Inricks, and slags of which the hearth is 
formed, and causes their premature destruction. When the work is done on a fine charcoal or coke 
hearth, in the presence of much iron, it is reduced with the lead, and impairs its quality. We 
recommend for these reasons, for smelting lead, the application of cooled bosnes, and cold cast-iron 
bottoms, such ss are used in puddling fiirnaoes. In tne slag hearth and blast fiimaoe, iron plates 
are generally used below the tuyere, and are lined with clay or coal-dust, but both these materials 
for linings are injurious as well to the ouality of the metal as to the yield. There cannot be any 
disadyantage in surrounding a slag nearth with cooled iron plates, similar to a run-out fire 
for refining iron. A little more fuel may be used in smelting, but a more fluid cinder can then be 
employed than in any furnace, which of course tends to economize fuel, and causes a purer article 
of metal. 

Lead Smoke, — ^At the smelting furnaces, particularly at those where the operation is performed 
at a hiffh heat, a white smoke is thrown out at the tysm or at the top of the furnace. This may 
be gatnered in condensing chambers, as in Fig. 8089. Similar chambers may be annexed to 
reyerberatories. This white smoke contains those metals which are in the ore. A reddish dust 
from a reyerberatory contained 11 oxide of lead, 60 sulphate of lead, 2 arsenious acid, 15 oxide of 
zinc, 12 oxide of iron. When there is much xinc in the ore, and it of course eyaporates, a large 
quantity of silver is carried away by it Iron and coal are generally the colouring matters in ue 
body of these deposits. It is always found to be chiefly oxide and sulphate of lead. 

Action of Lead upon the Animal System, — The compounds of lead exert a deleterious .action upon 
the animal system. Persons sufTering from this action experience morbid phenomena, the intensity 
of which is variable. The flrst degree of saturnine fioifloning is characterized by a violent and 
general disturbance of the system, and is known as lead or painters' colic. The second degree 
consists in the extension of tne preceding pains, which are confined diiefly to the stomach, to the 
limbs, and eroeoialljr to the joints; this Is known as lead rheumatiBm. The third degree causes 
a paralysis of the limbs, which usually shows itself first in the extensor muscles of the wrist, and 
is termed lead palsy ; and, lastly, in certain cases, disease of the brain may be induced, which 
generally terminates in delirium and death. 

In the ant stages the poison may be combated by means of powerfiil pursativeo, which facilitate 
its elimination from the system. It has been proposed that men who work on lead should drink 
sulphuric lemonade, and often take sulphurous baths, followed bv a copious use of soap. This 
preventive treatment is intended to hinder the absorption of the lead taken into the stomach as well 
as that deposited upon the skin. It appears, however, that Uie lemonade produces very bad efiects, 
for, by rendering the lead insoluble, it fixes it in the intestines, where it finally gets alMorbed. The 
best treatment in the case of lead colic oonsirts in the use of purgatives and mmo lemonade. 

See BuLLBT MAOHiNa. Foxjkdxno. Fubnacbb. Obis, Machinery and Frooeeees employed to 
dresi, SiLvXR. 

WorkM on Lead:— VoBiex (W.), ' TreatlBe on a Section of the Strata from Newcastle-on-Tyne to 
Gross Fell in Cumberland,* 8yo, 1821. 'Records of Mining and Metallurgy,' by Phillips and 
Darlington, 12mo, 1857. Lambom (J.), * Metallurgy of Silver and Lead,' 12mo, 1861. Wallace (W.), 
* On the Laws which Besulate the Deposition of Lead Ore,' 8yo, 1861. Percy (Dr.), * Metallurgy 
of Lead,' 8vo, 1870. 

LEVELUNG. Fb., NiceUemeni; Gxb., NvveUirung; Ital., LiteUoMione ; Span., Nivelacion, 
Ayrimentura, 

See ScByxTiNG and Lbvklliko. 

LEVER. Fb., Levier; Gbb., Hebel; Ital., Lieta; Spah., Paktnoa, 

LIFTS, HOISTS, amd ELEVATORS. F&, Monte, Charge; GsB., Oichtanfzug. 

Lifts, hoists, and elevators, are a class of apparatus used for concentrating power at a particular 
point, and utilizing it to effect the raising or lowering of bodies. A lift is only properly so called 
when the raising medium U applied above^ and should be called a hoist when it is applied below, 
or an elevator when it is continuous. 

In many London warehouses an effectiye lift is used, arranged with four iron standards, which 
extend the extreme height of the lift, rest upon an iron bed-pli^ and support the top frame. Upon 
the sides of the top frame are flxed two brackets. A sheave ia attached to the outside of an axlo 
working in bearings on the brackets, this axle carrying the lift pulley, and a toothed wheel gearing 
into a pinion which is fixed on another axle turning upon its outer end the friction-wheel of au 
Ai>pold's brake, similar to that in Figs. 1268 and 4495. The cage is funished nt each comer with 
guide-wheels, which run upon the standards ; it is attached by means of a rope with a counterweight 
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iroAiDg in groom ftt the aide of the appBiKtna. The haolhiK rope paaem om the ahMve aa tb» 
head-frame, and under another Bhenre moonted In a slot *t the dde of the bad-plate, and adjustable 
Teiticall;. Both the hanling tope and the rope workiiig the friotioa-Btnp are aooeatible &om ererf 
floor the Uft paaaea thiongb. 

An oidinu]' form of steam-Uft naed in the laree London wsrehoDHa u shomi in Ti^. 4917, 



10 otL, beefdea the weight ot the rage, wUch is 4 owt. 
The lifting is performed at the rate oF 150 ft. a minnte. 

The chain from which the cage Is soBpended pasaes 
over two patleys, nnd then down to the bdstiug eDgine, 
which, together with its boiler, is situated in a c^lar, 
Figs. 4917 to 4919. The hoisting ensine, partlv sbown, 
enlarged, by Figs. 4920, 4921, has a pair of c^liDders 7 in. 
in diameter, b; 10 in. stroke, the oonneoting rods being 
conpled to cranks Qied at the enda of Uie shaft ourjing 
the cliain-barreL This barrel ts 9 In. Ill diameter, and is 
prorided witha powerfnl brake, consisting of a strap which 



screw is tnrned can bj means of a rod be moved &om 

anj one of the floors. The engine Is fltted with a simple 

nreniiig arrangement, oonsiiiting of a ralve bj whiob I 

the staun-etbanst passages can be laterohanged ; and 

pioTision is nude for stoi^ing or starting the engine from eitlier floor. In practice the lowering is 

almost always performed t? steam, tbe t«ake being bnt aeUom used. 
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All Americas bomes of bneinen lire provided vith lifta for tbe porpoM of rBiting eoodi fiom 
the street to the flnt story. &o general U the cDBtom of emplujing thu mc&ns of receiving and 
dispatoliinj mwclundUe, tliftt the Hingle-rtorvhouBe of the meaneM tmilesniBn of Mew York baa at 
least ft ropo aud pulley fur lifting packagee. The lift, which is Hied to the street wall of building*, 
conBista essentially of a platform abont 5 ft. bj S ft 6 in,, eiupended by tour trhaina, wbieh, after 
naming over six pullajB above, are reduced to two as they deBoend, and ue fixed to Iwo wiudJaBsea 
having a common azia, and capable of being tamed by four levers at once. 

Fig. 4922 is an aletatioa. Fig. 4928 ft plan, and Fig.*J924 a top view of portions of a New Tork 
steam-lirt Fig. 4925 is a section throngh mn; and (ilg. 1926 a seotion at op, Fig^ 4924. AAare 
small steam-oylindera ; B, C, D, belting transmitting motion &om the pulley B (o D, and thence by 
means of a Borew and langent-wbeel to the drum Q ; H H, hauling rope running over the pullij N 
and lifting tbe cage ; K K', lepnlating rope running under the pulleys J J and over the pulley B 
to the horizontal pulley Z woiob T^ndatea the introduction of the steam ; Q, movable counter- 
weighL 




TVLen the goods have been taken iu aod verifled, they have to be taken ap into the npper 
BtorieB of the house : and for this purpose all the Soon are pierced with a rectsngnlar opening to 
allow the passage of a lift. Tbe primitive system of the single pulley has been improved upon ; on 
tlie one hand, bj substUntiog a windlass at tbe top of tbe house for the pulley, worked by a man 
who is directed in his movements by a dgnsl bell, and on tbe other hand by aubstitutiu)c a ptat- 
fbrm, rigidly fixed by means of fonr iron rods to a frame above, for the hook at the end of tUe rope. 
The necessity of keeping a man constantly at tbe top of the hoose may be avoided by providing a 
roller or drum in addition to the windlass, and passing the nioding rope two or three tnms round it. 
By brioging the end of the rope down again to tbe putform, it will constitute an midless band, and 
the lift may in this way be worked from Ih'Iow. 



moch greater, and often the employment of steam-power becomes eoonomlcaliy neoeasary. 

The rectangolar njaoe iu which the lift movee is usually lit by a row of windows one above tbe 
other on one side, and od the other side it is open to the landing-places correqiondiug to the dif- 
ferent floors. The lift itself is sometimes a simple platform, aometunea a small room ftarnished with 
ODUohea, adorned with minora, and, in the evenmg, lit with gas. These are to be fonnd In the liirge 
hotels. The luggage, in this case, is placed in a special compartment beneath the floor of the 
nioon. The lift is suspended by iron or steel wire rope, passing over a pulley at the lop and down, 
oatslde the left case, to the lower story, where the engine is erected. Two ratu only are required 
to work the lift: one to attend to tbe engine, the other to control the lift. Various apjpUanres have 
been introduced to prevent accidents from over-winding, or fhim a breakage of the winding tnokle, 
and the suocesa which has attended their use seems to have averted oU danger &om this aonroe. 

When the platlbrm of tbe lift Is very heavy, a oonnterpoiae Is need. In Atwood's system tbe 
onunterpoiae weighs as much as the platform : they are connected by a rope which passes over a 
pulley above, and the space passed through is equal for both. In Otis'a system, a couuterpoise 
of twice the weiEbt acta upon a drum keyed upon the same axis as another drum of twioe the 
nidius, around which the lift-rope is wound. The ^pace passed through by the counterpoise U 
therefore half that paved through by the lift. 
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FigH. 4927 to 4929 sre an eleTation, plan, and 
i(ra Tien ilf a Kifet; pMsenger lift, b; OtIaBioUierB, 
rf New York. 

The engiDe Ii double oy limler and revenible ; 
botb cjlinden bein^ coDDBcted to a ringle ditift, 
with omnka set at nebt anglea, to avoid stoppiUK 
on centres. Steam ia permittad to pasa to, and 
tbe exhanat to pnu from tbe ojttnders thioiigb a 
mogle valTe, which ii arranged to reiene tbe 
onrrent oi cheok the Sow of itcam by a aimple 
moTement or ehange in the poaltion of same. The 
same moTement wLioh shuta off tho eteam from 
the ojliDders, alio closes tbe eihaiut oriftra, and 
renders farther motion in tbe engino impossible. 
By this means tbe oar is always uudor control, 
both in the upward and downward movement, so 
long aa the gearing and connections remain intact 
The oriSces in reversing valve oommnnicating to 
and from cylinders, when tlie oat is making the 
downward trip, are graduated to suit tbe changed 
leLition and action of tbe londiBg, and any ei- 
oeBsively rapid motion Ig thns prevenle^l. 

Conibined with tbe engine and biiistine gear 
is a brake F, which is arranged to be bionght Into 
or released from action simultanmngly with tbe 
Btopping or starting of the engine, caneing no 
nouL-cesaarj frii:tion while the machine ii mnnlng, 
but holding the entire apparatus immovably when 
it is reqnired to stand at any point to receive or 
discharge loadiog or paesengers. 

The engines are designed to run from one 
hundred to three hnndrvd revolutions a minate, 
giving the car a motion varyiug from SO to ISO ft. 
a minute; the rate of speed being always under 
tbe immediate control of the operator in the car. 

To prevent the noise as well as to avoid the 
jar necessarily attending tbe use of gearing at a 
rapid rate of speed, motion is communioated rmra 
the engines to hoisting gear, at tbe first remove, 
L f ^ powerful belt L. The second and 
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b* mcuiiofaooanteinMihiiio^atKeuiDg, eaohehugelntnunoTgMrbAiiigeffsotadiDdqpUoatet 
tfia teoth in tha one being plBced opposite the apaceB in it« counterpul 

The winding ditim ia of a Imno dumeter, grooTcd spindly la reaeiie the wiie rope and pierent 
the enooetelve ooU« bom craning in ooatact. 

The pecuIiM cbanwter of the dnt; required to be peribrmed by the hoisting engine in conneo- 
tion with this ajMara of nurehinory, rende™ neoeawry a given number of revolutions alternately in 
either direction, and the impoiaibiiity of a greukir Dumber of levolutionji of the winding drum Uian 
are required to allow the car to reach the extiemee of its run. To provide for this, a simple mecha- 
nioal device called the s(oit-motion is placed at N; by its means the engine is readily limiled 1o the 
required number ot revolationa in either dtrectjon ; haviOK accomplished which, steam ia shut ofi^ 
the brake applied automatically, and the engine cumot be again started except in the opposite 
direotion. 

The oar ii sabstantially built of hard wood and wnraght Iron — designed to combine the greatest 
possible strength with the least weight of material. Tlie nnuing gear, by which the car is securely 
kept in plaoe, and guided in passing through the batohways, consisls of a lystcm of rubber-faced 
wheels E, acting upon planed iron guides D, which extend tiom the lowest to the highest points 
of the haiohway on its two opposite sides or coraerB. 

Bj the employment lor tliis [lurpoae of wheels havine peripherics of hard rubber, properly 
(Dpported by Iron flanges, seouritT against diiplaoement is ootained, while there is sufficient 
elasticity to oompenaale for any slight variation in the relative positions of the gnidee, and ensure 
■ bearing at all points, and freedom from any rattle or irregulailly of motion. 

The mMj applianoes In conneotioa with the oar consist of heavy iron pawls, Fig. 4030, com< 
bined with powettnl steel springs, and suitable 
roecbanism for Btrdng the pawls into oonlaot 
with the safety rattihets, in oaas of parting of the 
Uftmgrope. 

These safety attachments are applied in 
duplioale; each set being independent of the 
other, and capable of sustaining the entire weight 
of thft cajr and loading. j 

The Mfe^ ratcheli D. Fig, 4927, which, in 
oonneotion with the safety fixtures attached to 
the oar, team a my important dependence In 
case ot Hoident ot derangement to the lifting 
rapee or other working parts of the maohine, are 
in effect » mecbaniwl devioe for reducing to 
three inches the distance which it is poBsible for 
the car at any time to fall, in case of breakage 
of the lifting topee, a practical following up of 
the ground floor three Inches below the car. 

These safety ratchets are of iron, very heavy, and having the strongest possible form. The lower 
ends have a flno bearing at the ground, and the two lines are extended perpendieularly to the 
highest point to which the car is to rise. The fonnation of the safety ratchets is such as to present 
a series of hook-shaped oogs to the pawls K, attached to the car. These oogs and the pawls which 
act upon them, have a peculiar conformation which ensures a locking together of the two 
Immediately following the slightest oontact at the points, and also renders a separation impossible 
except through the instrumentality of the lifting lope, when properly connected and in order for 

The safety drum Is an auxiliary safety devic*, designed to gnaid against a claie of accidents 
generally resulting from some derangement in the uachinery, or obetniclion in the hatchway, 
cansing the ropes to be uncoiled ttom the main winding drum of the engine, while the car remains 
temporarily lodged at a greater or less distance bom the bottom. It is also a safeguard against a 
rapid descent of the cor, in case of the grsdoal or sndden giving way of the belt, or an^ part of the 
gearing connected with the engine: and will ^erent a toorapidranningof the machine. 

Accidents resulting from any of the atwre-mentioned causes cannot be guarded against or 
prevented by a simple mnltiplioation of the lifting rope^ or by an^ of the usual appliances for 
preventing mishaps, llie sa^tv ratchets and pawls are pnfectly reliable in rase there is a sudden 
. and perfect sepaiation of the lifting ropes at any point in the hatchway, directly over the car, and 
between the car and the loof or sheave-wheels over which the ropes turn in descending to the main 
drum of the engine. Bo soon, however, as the ropes have tamed these sheaves, their weight and 
the friction caused by them serve to retsrd the movements of the springs I, and coonteract their 
effort to force the pawls into contact with the ratchets. Henoe to inorease the number and weight 
of the lifting ropes but adds to the danger, in case of accident to the lopea at any point exoepting 
between the car and the roof Any breakage of the gearing or other [art of the hoisting engine, 
or of the ropes at a point near the engine, would therefore rMtilt in a letting down of the car, unlcaa 
prevented bj some additional safety appliances. 

The sale^ drum takes the place of the ordinary aheave-wheelB, and acts as the medinm 
through which motion ia ctMnmnucated bom the engine to the car. All rcpee connecting from the 
engine to the car are anaoged to act npon this drum, in suoh a tntaner tut any derangement in 
their bearing or change in their action, or Increase of their motion beyond that prescribed as the 
regular wcrEing rale, will immediately bring into aotioD the two powerftd brakes B B, and thni 
fawtantly stop the entire apparatus. 

The iheave S, aronnd wbich one of the main lilting ropes pswei in leading bnm the c^ine to 
the oar, has Its bearings in the sliding bame T, which u eonneisted by neani at the chain Uto the 
weight on the Ivake-terer T. Bo hmg as the weight of the oar ia sappatted b; the rope W, the 
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1* thewdght of the car ehoaldbo taken from this rope, tL 

.would be dnwn up bj the gTavit; of the veight V, 
and the brake R be immediately biouffht into ACtiofi, 
itopping and securely holding the drum and eflec- 
tually proTentlng any further motion lo long; as the 
rope lemains slackened. At the tame tinie, \bo 
safety pawls in the car, with which this tope oon- 
necta, would be forced ialo contact with Uie tHtcheta 
by the spring I, and the car would thus be donblj 
■eoured against falling. The rope T connects from 
one set of the safety flxturea in the cat directly to 
the Nfety drum, and is firmly secured to it This 
topb is suooeMiTely coiled on to and unmtled from 
the safety dnmi, as the car ascends and dpeoenda, by 

■ the action of the cor and the weight Z ; tho weight 
also acting as a partial counterpoise to Uiecar. The 

' broke It on the oppositeendof tho drum is anaaged 

^ very similolly to the one ttrst described, but is only 
brought to bear upon the wheel by the action of 

, the gofenior a. 80 long as the ipmd of the dram 
and car does not eioeed the preecribed limit, this 
brake is kept &ee from the wheel by a simple me- 
chanism connected with the govemot ; but is imme- 
diately thrown into action by the govemot when the 
spci'd from an; cause reaches a rate at which it is designed 
ihat the macnine should not be run. The apparatus ia 
conttolled by a small endless wire rope passing ttuvogfa 

Fig. 4931 is of Olis Brothers' Hetiopolitan Blerator. 
This lift comprises a double -cylinder and teversible stemm- 
engine. Figs. 4932, 4933, a wmding drum itmnediately con- 
nected with the engine ; a safety drum, Fig, 4934, placed orer 
the hatchway, guide posts at ^ch Bide, or two eoraeis of the 
hatchway fr^ oellor lo roof, faced with the loek tatcbeta, 
between which the platform is raised and loweted by a wire 
lifting rope, susi^nding it from the safety dram, which 
another wire lifting rope oonnccts with the winding drum 
at tho engine. The platform is moved from 60 to 200 fL a 
minnte at will of operator, and wherever it is stopped it is 
immovably held by a powerful brake combined with the 
eneine and winding dram. This broke is so arranged as 

« brought into and releawd from aotlou simultaneonaly 



„ - v ^-' Ilfl'nKi made by 

William Boilers and Co., Philadelphia. The drum is 
arranged either for a wire rope or a chain. When a wire 
rope is used the snrfaoe can be oovered with leather to pre- 
vent abrasion. This dram is 
driven by a tangent-wheel and 
worm cnolosi'd in a easing, 
where they are submerged in 
oil, the oil bi'ing retained by 
packing glands on Ihe worm- 
shaft. The whole is driven 
by pulleys, the motion being 
reversed as in a planing ma^ 
dune, by shifting the cells. 
See MicHiHK Tools. 

The gearing for shifting, 
seen on lop, is the some aa 
nsed on the " Bellers Planinf; 
Machine," and ia so arranged 
that one belt is removed from 
the central ot fast pulley bcfar« 
the othiT belt is thrown on. 
The shifting drams ore ope- 
rated by hand, either by corda 
or a vertical rod that is par- 
tially rotated or moved up and 
donn as Ihe nature of (be case 
may render moat oeovenient. 
The Terlkal shafts on the front 
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gMring. Thefriotioa 
pad u openled by 
the ahifting geuing, 
utd itop* Iho mova- 
ment iiutantly, after 
the belts aie ahifted, 
by pieMing on tba 
Eut pulley in the 
oeatre; the ahifting 
devloee tie on the 
front, and thow the 
rorm of Ibe pivoted 
ahiften that pro- 
duce the differential * 
ntoTement before le- 
farred to. 

In the minM of 
Colonwlo the litUug 
•rnuteeme&t eondaU 
of > Duoket which ii 
raited or lowered by 
» winding m>Kntda 
driven by belting. 
This oontrivanoe. 
Pigs. 4936, 1937, ia 
very limple, and, 
though not well 
adapted to deep ihafta 
or heavy ^ -*- " 



ita pnrpoee 
1 in Bhallow 



very well 

minee. The anun, cr 
•pool a, on which the 
tope Im wonnd, ii 
placed near the 
inine-Bhaft, so that 
the tope pum bom 
it ovet a pnlley t. 



and thenoe down the shaft. This spooL 4 ft. in diameter, is flied on an iron shaft e, having 
at one end a pnlley d, of somewhat larger diameter, and at the otlior end a brake-rim «. 
Motion is oommDnioated to the puUey d by means of a dtivlng pnlley directly beneath it, and «n 
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B-io. belt g. T&U belt U slack, and imparta no motion to the ipool nideas tlie tightsisr A Im 
applied to the belt bf meani of the lever ;, vhiuli u done b; the attendant standing at tlu 
mouth of the shaft t 
vhenever it it 
desired to lift a 
bnoket from the 
mine. On with- 
drawing the tight- 
ener, the spod ia 
held armly, or ita 
nvene motion ia 
oon^Iled by 
mmna of a brake, 
a 4}-in. iron band, 
enoiroliiig ^ the 
apool at the rim t, 
and applied bj 
the lever i. The , 
piillejdtiTiiigthe 
ttelt o ia on Ihe 
same shaft with. 
and concealed < 
from lien bj, the < 
pulley i(; to this 
motion is commu- ' 
nicated hj the 
belt I, and the 
pulley m, whioh 

reoeivea Its power «». 

directly from the engine. ITiB 
pulley ffl drives a lon^ shaft n, 
eiteuding from the biulding In 
which the machinery is euoloBed 
lo the other Bhoft-hooaes of tha 
mine, where winding af similai 
oharaotei ia set in motion in the 
aame manner. Power is aomo- 
timee tranamitted in this way 
a diatanoe of seTeral hondred 
fbet, from an engine to a remote 
thaft-house. I 

At the Comatock Hinea, In i 
Nevada, the winding reela or 
drums are operated either by 
cog or friction ge*rinE. Tha 
latter was much used a few years 
ago, but aa the depth d tha 
minea haa increased it has been 
abandoned by some, and re- • 
placed by oog-gearing, which la 
tliought safer and more e&ctive 
for deep worka. 

The kind of Mction-gear ' 
formerly in general nae is that 
known as the V*''^^! *'"' 
pinion ; the construolion of 
whioh is shown in detail in 
Fig. 1938. The Face of the I 
wheel, usually about 8 or 10 in. ' 
wide, ia formed with V-*baped 
groovea, two or three in number, 
which extend, oontinnously, sn- 
tirelT uound the periphery; 
the race of the pinion is of coi^ 
responding (brm, but it ia so 
placed witii re^rd to the wheel 
that the projectiug ribit t>etweeii 
the grooTei fit into the recesaea 
in the faoe of the wheel. The 
pinion ia keyed to the engine- 
shaft, and may be set in revo- 
lution by it. The wheel, being 
BO placed that its face may be 

brought into oontaot with the faoe of the pinion, ia oanaed to revolve by friction if the two maae«» 
of wheel and pinion are forcibly pressed together. The friotion-wheel fonna one end of, or ia 
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atteched to the dram on vhioh the rape or Mble it bound. In Fie. 1938 ths wheel W U CMt io 
one piece, uid the drum or «pool oouElsta of two flsngee F F, which we ooDiieoted together bv 
plate* at iron, bolted aa ehown in the flgare. The spool iajolned to the biotion-wheel l^ bolta b L 
palling through the flange F. To the 
oppoilte flange F u bolted a broad rim B, 
to whioh it applied a brake-itnp. Tbia 
■liBp i« niuaU; a band of iron, i or 5 in. 
wide, whioh enoinle* the rim B of the 



In Fig. 4939. Lit* long leier, broken 
off in the drawiDg. 

The ffoneml method of anangeioent 
of machinery of thia kind it illuatrated 
in Figa. 4940, 1941. In thia cam there 
ftre two drums, each of which la inde- 
pendent of the other. The fHotion- 
pinionj P are keyed to the eneine-thaft 8, 
and are eauaed to reTolve b; iL Slaoh 
friction-wheel W forma a part of a wlnd- 
ingdmm D, nhioh ia aapported b; pillow- 
blocka B, Ibat may allde backward and 
forward on the bed-plate beneath them. 
They move horiiontaUy between gnidee 
and flangea, whioh prevent any upward 
motion. The aUdiiiB; ■~~"™">"* ■- i—- 



.. o, connecting them with a short 

lever at b, whioh ia keyed to a rook- 
ahatl e. If thia lOL'k-ahaft la slightly 
timed towards the drum, the arms are 
advanced, and the biction-wheel brought 
into contact with the pinion. If it ia 
tamed bom the drum, the wheel la re- 
moved ftom Boch oontBot, and may be 
held by a brake. The deaired motion is 
given to the rookehaft c by the short 
lever I, and the long arm L, which is at 
the hand of the attendant. On the 
oppoBite end of each drum la a rim B for 
the brake-Blrap. Tha bmke ia controlled 
by the short lever /, and the aim F, 
which, like the arm L, it within eaay 
reach of the operator. 

Thia method of operation has some 
advantages in the simplicity with which 
the machinery it controlled, and economy 
in tlie labour employed. The engine 
Tuna aleadily in one direction, and, not 
having to be reveraed, requires bat little 
Bitention. It may also be applied to 
other oontinuons work, anoh as pnmping, 
the driving of air-blowers or other ma- 
chinery which cannot be done when the 
engine la stopped and reversed at short 
internals. 

A disadvantage of thia roethod is, that 
with very heavy loads the wheels are 
liable to slip against each other; and 
another, that it u not readily praotioable 
to loirer a loaded cage into the mine 
ander control of steam, making it there- 
bre neoesssry to depend entirely on the 
brake for that purpose. This is particn 
larly objectionable in deep mines, where 
the weight of Ihe long cable is itself 
very cooHiderable. 

Fig. 4!H2 is a plan oF another ar- 
rangement of lifting apparatna, used in 
Nevada. In this case two reels B B 
are each keyed to a separate reel-shaft 
with a spur-wheel W and biake-rim B. 
The reels are entirely independent of 
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each other. There an two plnloni P P, one Tor sach reel on the eogiiie-ahafl 8. Theee piniaii* 

•re not ko;ed to the engiQe-sbAft, but tain freely in either diteotiOQ, Independuiay of Uie tnrMrtn 

or the shaft. They may be made 

to revolve with the shaft by the <si3. 

clutches 0, which being fixed to 

the shaft by a feather may slide 

toward or from the pinions. If the 

clutdi b moved into gear with 

the pioiOD P, the latter reoetves 

the motion of the engine-shaft, and 

tranHmils it to the reeL If the 

clutch be withdrawn from its con- 
tact with the pinion, the reel may 

turn in the opposite direction, 

while the motion of the engine 

remains unintermpled. The reel 

may therefore be moved by the 

engine for lifting, and when re~ 

versed for lonerlag may be COB' 

trolled by the brake. The clntehes 

are moved in and out of gear by 

the leven L L, aod the brakes 

ap|ilied by similar levetB I L If 

it ID desired to lower a cage mider 

control of steam, as is luually the 

case when men are deaoending, it 

is only necessary to leave the dutch 

in gear, and reverse the engin& 

It will be seen that both reels may 
lift at the same time ; or, by fixing 

both olulcbes permanently in gear, 
and reversing tiie engine for each 
operation, one reel may lift while 
the other lonora, nsing the desoend- 
ing cage aa a counterweight for 
the Bsoending one. By this ar- 
rangement the single engine B nay 
not only do the lifting, but also 
drive the pumps. The engine-ehoft 

extends lieyond the reels, and if the wheel 3 is moved into gear with the ninion J of the pomp- 
wheel, K may set that in motion. The pumping engine F is oonunooly n«ed for this pnrpose, hot 
in case of necessity its work ma; be done by the hoisting engine E. Lifting may also be performed 
by the pumping engine, if tiie wheel H is put in gear with the pinion J. Thus, if desired, either 
engine may serve as a Kubetitute for the other. 

The cables commonly employed in the lifting works of the Comstook Mines are either fiat ropea, 
of steel or iron wire, or heavy round hemp ropes. Chain ia used very rarely, if at »il. Flat ropea 
are generally preferred, aapecially for great deptha, because they pmnnnn greater strength in propoi^ 
tion to Ibeit size, winding themselves compactly upon a reel, and withatanding better than the 
hemp the wear and tear of the work. They are nsually from 3) to 5 in. wide, and vary in thicknena 
according to the choraoler of the material of which they are made. If of iron wire, they are from } in. 
to J in. thick ; if of ateel, tbey are usually f in. in thickness. The latter is preferred, ou auooont of 
its lighter weight, less bulk — on important coneideration when thu apace allowed for winding reels 
is limited — and greater atrength. Mat ropes ate wound on narrow reels, the width of which ia tnit 
very little greater than that of the rope, llie latter therefore winds upon itself at each revololian of 
the reel. Figs. 1943, 4041, are a common form of the reel used. It is a central wheel of oast iron, 
6 or 8 ft. in diameter, to which aro bolted a number of wooden arms, making the total diameter 
about 12 fl. Tboy ore sometimesoaat nitharim, forthe applioationofabiake. For hemp topes, spools 
or drums ore used, one form of which, combined with a fnot ion-wheel, is shown in ¥i«. 4938. 

The rope or cable passes from the reel or spool over a sheave, which is supported dirootly above 
the hoisting shaft, and thence downwards into tlie mine, Itaend beiog attached to the c^e or buckeC 
The sheaves are made of wood or iron, and of various dimensions. Those of large diameter, 8 or 
10 fi, are preferred, as they cause lees wear to the cable. A sheave of oonunon fonn ia shown in 
Fig. 4943. It is made of cast iron, and Is supported upon pillow-blocks a i, in a gallows-frama 
which is built at the month of the shall, and so placed witii reference to it that the tope passing over 
the sheave may be suspended over the middle of the compartment in which it is emi^oyed. 

The position of the cage in a shaft, at anyptut of its ascent or desoent. Is shown to the operator 
by an indicator, Fig. 4946, connected with the winding machinery. In Fig. 4946, S is the main 
eagi lie-shaft, set in motion by the crank C. The pinion P drives the spur-wheel H, by means of 
which the winding reel B is caused to revolve. The relation of the pinion to the ipuc-wheel being 
oa 1 is to 3^, the winding reel It makes 100 revolutions for 350 of the engine-shafL On tlie latter, 
near the pinion F, ia fixed a light gear-wLeel g, 2 ft. in diameter, whii;h ditvea, by means of a 
similar wheel g', the counter-shaft c. This counter-shaft has a wtmn, sboan at a in elevation, 
above which is a worm-wheel i, a disc 2 fL in diameter, the periphery being cut to corresiiond with 
tho worm a, and has 350 thrmds. As the oonnler-stiaft c and worm a revolve with Ihe same 
peed u tfao engins-shafl, the disc A is caused lo make ono complete rcvolutiOD by 350 revolutioas 
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B poBitioD ii onoe 

a depths of the mice-Bhaft, tbe eugine-driTer CM) 
readily B9oertaia the place of the osgo. 

Crta 'i.^-Iq ooiumoD jA-craiwi the ordinarj' height of handle above the gronnd ia 3 ft,, and the 
tllameter of the oiiole deaoribed b; the handle 32 in., while the angle of the jib ahonld be = 15°. 

Each man working at the handle of a sranelmparta a pressure of about 15 to 201b«., and laUsg 
W = weight to be raised by cniiie in lbs., P — power applied to the handle in lbs., D — diameter 
of circle described by handle in inches, n = nomber of revolutions of handle lo one of baml, 
B = diameter of barrel In inches. 



K Pxn 



P = 



W X B 



cuts the line A 

the horitoDtal line G F and produce the line AD i, 
to meet It at F. The strains may be measured 
<rff by meooB of the scale as follows ; — 

Thmst oD jib = E D = 19^ tons ; stnin on 
the BiupeDBion-rodB = AE = 121 tons. The 
crane-post may be considered as a beam fixed at 
one end 0, and a weight = E F, = llj Ions, 
applied at the other - ■ " 




bom planen mad olher toob, or fin general lifting wtvk. The mMihinery. Inolnding the Jib. b 
all moonted on a strong metal post revolving on a stud attached to and snpportod by radial 
feet which are boll - - 
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The spnr-gearing which driTes the reel is arranged with changes to smt the weight to be XMsed, 
and is driven by a winch. 

The casing at the foot of the jib contains two rollers, which bear against the bottom of the 
supporting stand and' prevent excessive friction when conveying a load. The fzaming, exoefit the 
braces, is of cast iron throughout 

Tubular WroughtHrxm Crane8.~-Fi'SB. 4949 to 4953 show the form and details of one of the tnbnlar 
wrought-iron cranes erected by Sir Wm. Fairbaim at Keyham Docks, Devonport. 

Six of these cranes are all of the same size and strength, and were calculated to lift a weight of 
12 tons to a height of 80 ft. from the ground. Each of &em is intended to sweep a circle of 65 ft. 
diameter, so that the projection of the jib was 32 ft. 6 in. from the centre of the stem, and the 
extreme height 80 ft. above the working platform. The cranes are composed of wroaght-iioa 
plates riveted together* and so arranged as to give the back or convex side an adequate degree 
of strength to resist tension, and the front or concave side, which is of the cellular construction, a 
corresponding power to resist compression. The form tapers from the point of the jib, where it ia 
2 ft. deep by 18 in. wide, to the level of the ground, where it is 5 ft. deep and 3 ft 6 in. wide. 
From this point it again tapers to a depth of 18 ft. below the surface, where it terminates in a oast- 
iron shoe forming the toe on which the crane revolves. The lower or concave side, which has to 
resist a force of compression, consists of plates forming three cells and varying in width in the ratio 
of ^e strain ; and on the otner hand, the convex or top side, which has to bear the pull or tenaioa 
due to the suspended weight, is formed of long plates connected together by a system of chain 
riveting. The sides are of uniform thickness throughout, the joints being covered with X-iron 
internally, and on the outside with strips or covering plates 4^ in. wide. 

The form of the jib, shown approximately in Fig. 4956, together with the point at which the 
load is suspended, is probably not the most favourable for resisUng pressure. Tne crane, neverthe- 
less, exhibits great powers of resistance, and may safely be considered as a curved hollow beam 
having one end immovably fixed, the force being applied at the other. Viewing it in this light, 

the strength lb determined from the formula to = o -r- , where to is the breaking weight at the end 

of the jib in tons ; c the ultimate resistance of wrought iron to compression in tons a square inch ; 
a the sectional area of the lower or cellular flange in square inches ; d the depth in inches ; and I 
the horizontal length or sweep of the Jib in inches ; the strength being supposed to be limitfd by 
the resistance of the lower or cellular flange to compression. From this formula it is found that it 
would require a load of 63 tons to break one of these cranes. 

In the construction of cranes, whether of wood or iron, it is the usual custom to place the jib in 
an inclined position at an angle of about 40° or 50° with the stem, as in Figs. 4954. 4955, eo as to 
obtain the greatest strength ; in this position the extreme point from which the loaa ia suspended 
has to be stayed or held in its place by oblique or horizontal tie-rods. With this amngement it 
will be observed that, if the article to be raised is at all bulky, such as a large bale of merohandise 
or a marine boiler, it will be prevented from being elevated to the top of the crane by coming in 
contact with the diagonal stav or jib. Hence with ordinary cranes a considerable part of the 
height is practically unavailaole. In the wrought-iron crane, however, Fig. 4956, this defect is 
obviated, since the ourvature of the jib is sufficient to allow the article to be raised to the highest 
point to which the chain ascends. 

Fig. 4949 is a sectional elevation of a 60-ton crane, showing the general arrangement and the 
weU in which the crane is placed ; and Fig. 4950 is a plan. Fig. 4951 is an enlarged vertical 
section of the lower portion of the crane. 

Figs. 4952, 4958, are sectional plans of the crane at the level of the ground, and at the chain- 
barrel and gearing. 

The crane consists of a rectangular wrought-iron tube A A, curved to a radius of about 46 ft, and 
tapering uniformly from 9 ft. deep by 5 ft 6 in. wide at the level ef the ground, where fh>m the 
leverage of the crane the strain is the greatest, to 3 ft. 6 in. deep by 2 ft wide at the point of the 
jib. From the level of the platform it is also tapered downwards to about 1 ft. 8 in. square at 
23 ft. below the level of the ground, where it flts into a cast-iron shoe B working in a socket or 
step on which the crane revolves. The point of the jib is 60 ft. above the level of the platform, and 
sweeps a cirole of 53 ft. radius ; so that it will lift the heaviest load perpendicularly from a mean 
distance of 37 ft. from the quay wall, and to a height of no less than 85 ft above low-water mark, 
and land it at 69 ft from the edge of the quay. 

The crane itself is built on precisely the same principle as a tubular bridge, and may indeed be 
considered as a curved tubular girder inverted, the top side being the front or concave side of the 
crane, and the bottom side forming the convex or back part of the structure. Hence it may be 
described as composed of back plates, side plates, and cell-plates. 

The back plates 0, Figs. 4952, 4953, which, corresponding with the bottom plates of a tubular 
girder, have to resist a strain of tension, are made as long as possible to avoid joints, and are care- 
fully chain riveted. They are f in. thick and each half the width of the crane ; and taking those 
on one side and beginning at the bottom of the well, the first back plato is 13 ft 9 in. long ; the 
second, which passes the point where the downward taper ends and the upward begins, is 13 ft. 6 in. 
long: the next is 12 ft. 6 in., followed by six others, each 12 ft long, and these again terminated 
bv a plato 15 ft long which curves round over the pulley at the extreme point of the jib. These 
plates are covered extornally by a long strip 8 in. broad and f in. thick, extending the entire length 
of the crane and covering the longitudinal joint between the back plates. The cross-joints are 
placed altomatoly, and at each side of the crane there ia a line of angle-iron connecting the back 
plates G with the side plates D, Fi^s. 4952, 4953. 8o that the sectional area of the back of the 
crane subjected to tension is, at the bottom 10*50 sq. in., at the platform 27*75 sq. in., at the point 
of the jib 12-00 sq. in. 

The sides of the girder are formed of plates 3 ft broad at the outor edge or back of the crane, 



I 
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the Dezt five, whioh have to reaist the horizoDtal thrust ogaumt the eaAt-lrciii cimla at the tap edge 
of the well, ) in. thick ; and the remainder -fg in. thick. 

The imat uf the crane ia conatruoted with four cells, to redist the greftt atmtn of oompression 
'-a whidh that part is aubjeoled. The oonstruction is shown in the seetioiial etevatioos, Pigs. 4^9 and 
. ., ^.__ ^.. .„=., , — ™._ . .._ -• ■-.tosBBodF. whi' " 



4951. and the IransTerae sections, Figs. 1952, 1953. The two series of pUtea E 

the &ont iind back of the cells, are composed of plalea varying fiDm 5 ft. to 7 ft. 6 in. long, and 



A in. thick. Each of these plates is riveted by two angle-irons to tlie side plates D of the crane, 
the front plates H projecting bejond the aide plates D, and the intenuediate plates F being: placed 
within the tube tbas formed at a distonoe of 12 in. from the &ont platea B. ao ui to divide the tuba 



IV space between the plalea E and F ia fnrtliet' anbdivided into four cells br 
uiree veriicai piaiea O, paiallel to the side plates D. Ei^t ongle-inaia ootmect the plates Q with 
the plate* B and F. and further strtngthen tlie strnctnra thus fbnued. The roaeoa of thia arrange- 



it ia that wrought'iroD platea from their flexibiliW offn but ft amoll teaistauoe to a , 
the direction of their thickness, as they bend or IntMle with ft oompatstively atnall [one. The Bve 
vertical plates, however, which form the sides of the cells, are placed in the position In which Ihey 
offer a maximum resistanoe to compreatioD, namely, with their width or depth in thedIreoti<Hiofthe 
strain : and the angle-irons and the plates E and F serve to keep them in position aDd give great 
rigidity to the structure. The centre plate G of the cells is -^ in. thick, aud the two remaining 
pUtes each -ff in. thick. The seetioDiil area of the oonoave or front part of the oiane subjected to 
compression is thereibre at the platform 62 '58 eq, in., at the point of the jib BlSSaq. in. 

Attached (o the booh of the crane is a tail-pieoe H or box of vrought iron, containing cast-inm 
weights acting as tt oounterpoise to the jib. The obain I is attaobed to the crane by a bolt and nut 
at Ae point of the jib, and passes round four polleys, two movable imd two fixed in the end ot the 
Jib; it is then eonduoted down in the interior of the jib over three loUels K to the barrel L, whioh 
IS also in the tube near the ground. On each side of the crane a strong cast-iron frame is fixed fbr 
receiving the axlea of the spur-wheels and pinions. Foor men, each working a winch H of 18 in, 
radius, act by two 6-in. piniona upon a wheel N, 5 ft. 3} in. diameter ; this moves the spnr-wheel O, 
6 ft. 8 in. diameter, by means of an 8-in. pinion, and on the axle of the former the clulD-bftrrel I^ 
2 ft. in diameter, ia fixed. Hence the advantage gained by the gearing will be 
W_18x63-75X80_.„. 



6 X 8 X 12 



_ 18 X 95 X 100 
" 12 X 9 X 10 " 



and aa this resnlt ia qnadrapled 
by the fixed and movable 
pnlleys, the power of the men 
applied to the handles is mul- 
tiplied 6M times by the gearing 
and blocka. A brake-whee^ 
I-lg. 4953, 5 ft. 2 in. diameter, 
is Hied on the other end of the 
spindle of the spur-wheel N ; 
and the power applied at its 
circumference ia accordingly 
multiplied about 100 times ny 
the gearing and blocks. 

At the level of the ground 
the crane is firmly fixed in 
a strong cost - iron frame R, 
Figs. 4951. 4952, the outer 
edge of which is a circle of 
It ft. 3 in. diameter ; and on 
the edge of the wtll a similar 
ring ^ is imbedded in the 
masonry and secured by long 
holding-down bolts, leaving ft 
space of 10 in. all round b&- 
tween it and the inner ring B. 
In this space a number of 
strong cast-iron lollera T are 
placed, 10 in. in diameter, to 
prevent friction and facilitate 
the movement of the crone as 
it revolve round its axis. 
Upon the cast-iron ring 8 on 
the quay wall is fixed a circular 
rock U, composed of oogged 
segmenla bolted together, into 
(he teeth of which a amall 
pinion works, whereby the 
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enue is made to lerolvo. This pinion ia worked b; a worm and wheel T placed in the oonnter- 
poise box H ; and two men are anfflcient to move round the crane with 60 Ions niwended from the 
extreme paint oT Ihe jib. In working the onme the men stand upon a cast-iron plaSirm W attached 
to it a few inches above the level of the ground. 

Fig. 4957 is an elevation of a verr ingeuiona direct-acting rteaniHSiaiie. detdgned by Bobert 
Horriaon, of Newcastle-on-Tyne, in wbioh the stearn'OrliiiderB, gearing, and other complicationa 
of the ordinary ateam-orane, are .done awaj with ; and the onne-poat ia made the iteam-ojlinder, 
fitted with a piiton having a flexible piMoa-iod of wire rope, wlu<>h work* eteam-tight through 
a stuffing box at the top and patMS over two pnlleja, forming itself the chain for lifting the 



load. 



; ?ig. 4958 a vertical b> 




The oane-poet or ojlinder A of cast or nwlleable iron is made In one length, or in two or mi»e 
piooe« bolted together aa may be oonvenient and bored out to a size suitable for the weight to be 
lifl^ and the preisure of steam lo be nsed. The length of the bored portion of Ihe dBDe-post 
corresponds wilh the height of bft required. Within tho cylinder works the pinion B, which is 
dimly soonred to tlie end of Ihe flexible piston-rod or wire rope 0. This piston is made with a 
wedge-shaped packing ring, as shown in the enlarged section, Fig. 4960, so that when the preMuro 
of steam is upon it the poclnng expands and makes it steam-tight ; bnt as soon as the preasnie La 
removed the packing contracts, so that the piston works &eely in the cylinder and the weight of 
the rope is sufilciunt to overhaul it. The wire rope C works steam-tight through a stuffing bca D 
at tie top of Ihe orane-poat, and passes over the two pnUoya. one on the top of the orane-pciat and 
the other at the extremity of the jib. At the end cf the rope is fixed the cast-itOQ ball B, contain- 
ing a volute spring to which the Look Is attached for the pnrpoee of rvlieving the orane and rope 
from an^ abrupt itlraiD when beginning to UIl the weight The viro rope is much safer than a 
rhain, since it is not liable to the sudden fracture often oooumng in orane ohains. nor is it affected 
to Ihe same degree by tha temperature of the atmosphere. The stnlSng box D through which the 
wire rope works is fltt«d with a conical gland, pressed down by a spiral spring, «o that the pocking 
is always kept well pressed op rotind lh« wire rope, wilhoot the oeoeaai^ of screwing np, as is the 
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OMe with ordinoiT stuffing bozes. The ttuuiug-tound cylinder F, Figs. 4958, 4959, for swinging 
the crane round, it oast on the under side of the bed-plat« 6 stul forms part of it ; it is troly bot«d 
and fitted with a leotangnlar metal-Mcked disc or radial pislon H secured to the outside of the 
crane-post A. A Begmental block I forming the abutment is bolted to the inside oT the cylinder F, 
and made steani-tignt next (he omne-poet b; metallic packing and springs. 

In working the crane, the steam is admitted irom the steam-pipe K through the lifting Talve L, 
Fig, 4970, by means of ttie handle, Fig. 1961, and posses up throogh the port M in the crane-post A, 
Figs. 49SS, 4962, to the top of the poal^ where it presses on the lifting putoo B and raises the load. 
The TOlve L is then closed, and the steam retained in tlie cylinder A, bo as to hold the weight 
suspended; while the crane is swong round right or left by admitting steam through the tntning 
Talve N to either aide of the turning piston H. The handle L is theo reversed and the steam 
above the piston B allowed to escape through the exhaust-pipe 0, and the weight is lowered to the 
required position fast or slow as deaired. There is a passage round the sCufiSng box P for the pur- 
pose of admitting the steam into the port JS. at any position of the crane ; this passage is podied 
at top and botlom with a lantern brass between, so that the top gland tightens ooth packings at 
the same time. It was apprehended at iirstthaton account of the elptuisive action of the steam there 
would be some difficulty in starling and stopping the crane instantaneously, but Jio sach difflcolty 



n Figs. 4968, 4964, is made with oblique 
stanUy. *" ' ' . . -l - 



edges, so that the lifting can begin gradually and atop instantly. The tnming-roimd valve N is 
also made in the same way ; and for stopping the crane suddenly when turning round it is only 
requisite to admit the stuun to the opposite side of the turning piston H ; this not only stops the 
orane at once, but also forms a cushion for the piston. Frovisiou is further made at each end of the 
lifting oylinder A, as well as in the turning-round cylinder F, for preventing aoddent in case the 
steam should not ba shut off at the proper time, by placiag a rhig oi india-rubber Q, Pig. 4958, la 
fbnn a cushion for the piston at each end of the cyhader, so that no damage can be done. 



toJ 



The turning-round cylinder F is cased and oonetantly snrroimded with the ezhaosted steam, as 
in Figs. 4958, 4959 ; this keeps it hot and prevents condensation. The crane-poat A may be msered 
with felt and wood to keep it warm. It might be aupposed that in working the oraoe the steam 
would condense so rapidly in the crane-post (bat no weight could be held suspended steadily for 
any length of time ; but in practice no peroeptibie change is observed in the position of the weight 
If left Bospended for twenty minutes without any steam being admitted into the crane-post; there is 
indeed no perceptible condensation of steam, and no more power is required to lift 2 tons than 
a pressure of 2 tons upon the area of the piston, with the usual allowance for &iclion. The crane is 
blown through at starting in order to dear it of any water that may have condensed in it, and is 
thus boated ao that it is not found requisite to blow through a second time as long as it continues 
at work. The blowing tlirough is effected by means of the small mitre-valve ft placed iu the 
piston B, Fig. 491)0, kept closed bv a spiral sprbig; but when the Distouoomes to the l>ottomofthe 
crane-post the valve is opened and allows the steam to pass througn the hollow step B of the crone. 
Fig. 4958, Mowing out any water through the pipe T; the crane-post is thus warmed down to the 
very botlom. The under Bide of the lifting piston must oommunioate with the atmosphere, in order 
to enable it to work satisfactorily, otherwise in lowering the weight a vacuum would be formed 
below the piston which would retard the lowering and render it impossible to overhaul the piston 
and rope when the weight vaa removed ; and as a direct communication tietweon the cylinder and 
the atmosphere would cause the cylinder to be filled with cold air after every lift, entailing a great 
loss of heat, to obviate this the btow-throuch pipe T is ooonecled to the casing of the turning 
cylinder F, so as to allow the eibauat steam frum the casing to follow up the piston B in lowering 
the weight. The turning-round piston H, shown enlarged in Figs. 4965, 1966. is made with four 
braa packing bars pressed up by springs, with a y piece inserted in ecu:b of tlio four oomers and 
kept up by a spring ; these oomer pieces are made of white metal, and being softer than brass the 
pomt will wear as fast as the sides of the packing bars, and thereby keep the comers always tight. 
This piston is made independeot of the rest of the crane, the packing bars being fitted and ground 
into their place, springs put in and the cover bolted down before the piston is put in its place; the 
bolt-heads are sunk in the cover, and the fitting strips U carefully pkned and veil fitted into the 
Tadical forked arm H, Fig. 1950, which is planed out to embrace the piston. This arm is made of 
malleable iron and secur^y batted to the crane-post A ; it is made ^ in. shorter at each end than 
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eoTer, nnd the ptfton can be dnwn down bom its pUoe lud niDaT«d entiiely. The well Id whfoh 
the ONoe-poat A worba ia kept quite dry b; k cut-iroo lining extending entiTe to the level of high 
wUer, Fig. 4957, where a reoeu is out out on one side to allow of goiag down into the well to 
exaiaine and grease tbe crane-step 8 U the bottom. 

Acrane dC thii oonitractlon, with a liftoC 22 ft and a radiuB of 20 n., will lift, nring ronnd, dla- 
oh&rge, and awing back to reload three limes a minute, or will discharge three tubs of oosl of 2 ton* 
each in one minuie, ot a greater quantity if the tubs can be filled fast enough. In addition to (be 
expedition of these cnmes, the smoothness of their motion and the absence of anj jerking, such as 
takes plaoe with ohains and the ordinary gearing, are of importance, preventing any undue titaiii 
upon the foundation, or the ludden breakage of cnains or other parts of the crane. Smoothness of 
motion ia obviouely of great advantage when cranea are used on board ship, for it is well known 
that the unateady motion of the present cranes is very injurious to the decks : this is so much the 
ease that it is impoasible to keep Ihe decks watei-tigbt for any considerable time: and when 
covered with lead or sheet iron to prevent the water getting through, the decks and beams are 
eventually so much injured by the constant jerking and vibr»tion caused by the ordinary steam- 
oranes, that repairs Me required moM frequently and at a greater expense than woold otherwise be 




cannot be earned down. In this arrangement the lifting cylinder A, shown black in the diagtami, 
Is laid horizonlallv below the surface of the ground, and tbe tope is guided to the post by a pulley ; 
the cvlinder may be close to the surface, and the rope then past over a pulley at the stuffing box 
and down at an easy angle to the pulley below the ci»ne-poat. This arrangement is also snitabte 
lor warehouses, the rope leading to the different floors ; or the eylinder may stand upright in the 
warehouse and have a handle on each floor for working it Figs. 496S, 4969, represent modiflcalioni 
(rf the crane proposed for application on board ships. In Fig. 4f*6y the jib A is made of maUeable 
lion, and forms the lifting cylinder ; this arrangement ia intended to be used on board vesseU 
where it is not desirable that the sleam-cTlinder should go below the deck. There are also ievera] 
other situations where this mode of working by the application of a direct-acting steMD-eylinder 
with wire-iDpe piston-rod might be adopted wiuk advantage, such m for opening and dosing dock 
gates and bndges. 

The steam-oiane, Flga. 1371 to 4973, was designed by J. CampbeU Evans for nas on board 
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To obtun thew adrantaf^, in the preL_ . .. 
the bailer A Ib plaoed u oloK aa poaaible to the crrno, 
and tevoWu with it ; and by makinK the top of the boiler 
ofCMt inm with Ingi for attaohing the leiuioD-rodft, it •errea 
tbedonUo pnrpoaeof boiler andoraue-posL Thebed-plateB 
apoD which the oniue and boiler are placed ia flied to the 
(bundation plate by a centre boll, which bears all the 
npwatd itrain : the downward pmaiire ii taken by the 
rollers D mnniDg on the foundation pUte : thia plate ia 
iolidly bedded on timber laid on the dcob of the Teasel. 

To avoid apiieht tubes and horizontal tube ^atee, the 
heating flurfaoe of uie boiler A is arranged incones, Fig. 4974. 

The first cone or fire-boi is exposed to the direct radiation of the flie, after which the heat pasaea 
through the opening E nearlj oppoaitti the fire-door into the space between the seoond and third 
oones, where it is absorbed by tJie water>Bpaoee on either aide, and passes round to the fannel F 
opposite. In this way a sufBcient heating sur&ce is obtained without any horizontal anrbcea in 
the boiler for deposit to aooomalate upon. The two angles or bottonu of the water-spaces are below 
the direct action of the Bib. and are connected bv pipes G to allow for the circulation of the water, 
provided with plugs and oooks for cleaning. The water-tank H is placed under the boiler, this 
position serving to beat the feed-water aiM to preserve the coct-iton bed-plate B from danger of 
fracture by the heat of the flre. 

The crane is worked by a single oscillating ojUnder L shown enlarged in Fig. 4978, supported 
by brackets on the bed-plate B. Thejoints fot the steam and eihaust pipes at the trunnions 
ore made tight by gua-metal oonea J, Fig. 4977, fitted to the tmnnions and held by ituda in the 





H 
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brukod ; when theM have become polUhed hv working, the wew upon thorn U very slight, and 
this oomtrnotion hae been foaud very snitable br the rough treetmont to which ciantig ar» ugutUiy 
■abject On the omuk-Bhan K is & friction-vheel L, Figs. 4971, 4972, kept oontinn&Uy rovolving 
by the engine. On the seoond shaft M U another fHation-wheel N, wliicb can be moved b; the 
lever O into gear with the driving wheel L, or bj an opposite motion of the U'ver can bo prtwed 
sgainit the tnake F, or when lowering can be held between tbe two. The other end of the Bhaft M 
oarriea pinions geejing into wheel* on the shaft of the ohain-bajrel Q. There are two pain of 
wheels and pinioua. B and B, for varyiog tbe speed according to the weight to be raued ; the 
pinions are thrown in and out of gear bv a sliding key, enlarged in Fig. 4976, instead of the 
ordinary datoh ; by this means the width Ewtween the Enmee that would be required for moving 
the ordinary clnlch is saved. 

A principal difficulty eiperieneed ii 
the turning gear, so that when the vessel leans ove 
to swing the weight and yet not cause a sudden si 
ooned Motion-olutch is used. Fig. 4^5, to allow a slip at first aud to start the weight gradnally ; 
and the arrai^ement of the foundation plate C of tne crane admits of a mach larger spnr-whesl 
than uvoal being employed to bring up the power. On the crauk-shafl K is a worm T working into 
a wonu-wheel on the shaft of the bevel-wheel U, Figs. 4972, 4975, which gesra into the two bevel- 
wheela above and below : as these are kept constantly revolving by the engine, the orano can be 
moved round either way by raising or lowering the coned olatch V by the lever and Borew W. The 
lifting lever O and the screw W being oloae together. Fig. 4978, the two operations of lifting and 
timing the weight are easily managed by one man. 

The valve motion of tbe oscillating cylinder I, Fig. 4978, ii dedgned to compensate for the 
oKiillation of the cylinder without the nee of sweeps and guides. A radios rod S is centred on the 
cylinder bracket and connected to the eccentric rod Y by a link Z, to which the valve-rod is attached 
by a pin. The link Z combines the vibrations of the eccentric rod Y and radios rod X, so that at 
the point where the valve-rod is attached the cnrvo described by the radios rod oompensatiw for that 
described by tbe eocentrio rod in snch a degree as to bring the valve-rod into the curve it would 
UBtomlly be made to describe by the OMiUation of the cylinder, as shown by the diagram. Fig. 4979. 

Fi|^ 4980,4961, 



rA 



a ^pe of crane 
used eztenslTely for 
faciUtating the load- 
ing and unloading of 
goods at railways, 
harboDiB, and so on. 

The carriage ii 
generally in one 
massive casting oT 
■nitable form to take 
the central post, 
which is of wioaght 
Iron, and bonis aro 
provided with bear- 
ings (or the travel- 
ling wheels whidi 
are placed inside 
the bed for uamw 
gauge and outside 
for wide gauge. The 
top of the carriage is 
recessed for a spur- 
wheel fitting on the 
column, and made 
&at or locae irith It, 
and this to a raised 
roller path traly 
turned on the ooler 
edge of the recess. 

The superstrue- 
tnre of the crone i 
consisti of a base- 

K'»te revolviDK no ' 
e oentnl oonmui 
fitted with three 
(Motion-ndlen, two 
being placed diieetly 
below the iib ana 
one at the Mek to 
take the weight of 



I the weight ' 
» and tank. 
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pair of A ^ttmes are erected on thiB baae-plate witii all the bearings and fittings for the maehinefy 
and engines. A wronghi-iron feed-water tank of the depth of the revolving base is bolted on to 
it and carries the boiler a considerable distance away from the centre of the crane-post, forming a 
counterbalance to the load to be lifted, as well as a foot-plate for the driver. The boder is vertical, 
the internal fire-box being fitted with two cross water-tubes; this form of boiler, although not the 
most economics! as regards fuel, is preferred to multitubular ones as it has often to be worked with 
the worst kind of water, with but little attention, and a stoppage is considered of fai greater moment 
than strict economy in fuel ; but the cranes are made with multitubular boilers for countries where 
foel is expensive. The boiler is fitted wiUi all the usual steam and furnace requirements, including 
an extra lock-up safety-valve ; and a small extra steam feed-pump, to feed the boiler if the crane is 
not running, is sometimes added. 

The crane is fitted with a pair of direct-acting steam-cylinders placed, alightly at an angle, one 
on the outside of each side frame, the crank-pins being fitted into a pair of balanced disc-plates — 
the eneine-shaf t between the side frames carries a bevel-wheel made fast or loose on the shaft by a 
toothed clutch for driving an oblique worm-shaft gearing into a tangent-wheel on the derrick 
chain-barrel for raising or lowering the lib, the worm-wheel securely locking the jib at any desired 
radius. On the middle of the crank-shaft a wide spur-wheel is keyed; this wheel gears into a 
narrow wheel below it on a weigh shaft which has a small crank-pin at each end equal to the 
stroke of the side valves ; this narrow wheel can be moved bv a hand lever, laterally, about 4 in. 
on a spiral feather, thus reversing the valves for running the engines in either direction ; this 
arrangement is found to answer the puipose and to give more durability than an ordinary link- 
motion. On the left-hand side of crank-shaft are placed a pair of spur-wneels gearing into wheels 
on the countershaft below; one pair of these wheels are of equal and the other of unequal 
diameters, either pair being made drivers by a double toothed dutch; the ends of oounter-shaft 
are provided with squares for ordinary handles to work the crane b^ hand if desired. On this shaft 
is also fitted a set of bevel-wheels and double friction-cones for giving motion to the slewing and 
travelling motions ; and this shaft having two speeds imparted to it from the engine-shaft will 
consequently communicate two speeds to the slewing and travelling motions. 

The motion from this set of wheels is carried by a vertical shaft and train of wheels to the spur- 
wheel on column. This spur-wheel on the column is of double the depth of the pinions gearing 
into it ; the pinions are placed at different heights so that the pinion revolving round the spur- 
wheel in slewing clears the fixed pinion driving the travelling gear. When it is desired to travel 
the crane, the crane body is fixed to the carriage, and the wheel liien revolves on the crane-post 
and drives the travelling motion. 

The friction-cones are put in and out of contact by an eooentrio lever, and can be thrown into 
contact whilst the engines are running, putting tne jib gradually in motion, without shock; 
when it is desired to arrest its motion the cones are reversed, and they then act as a brake. 

The lifting motion is conveyed from the counter-shaft by a pinion sliding on a feather in and 
out of gear with a spur-wheel on the bairel-shaft ; in lowering, this pinion is drawn out and the 
descending load is controlled by a strap-brake actuated by the foot of the driver. Should the 
driver desire to leave the load hanging for any time, the foot-lever is fitted with a pawl and ratchet 
to hold the load when the foot is removed firom the lever. The slewing motion being given by 
reversing friction-cones, it can be put into action while a load is being lifted or lowered, saving 
much time. 

When the maximum loads are lifted, tiie power of lifting is doubled by a single block, and the 
chain looped up to the jib head ; this arrangement being adopted because the majority of the 
loads are light and require handling quickly. 

Granes of this construction are made of various powers, the proportions being modified to suit 
the duty for which they are required. 

The crane-posts are made of wrought iron, and the travelling wheels are chilled on the face. 
There is ample margin of strength throughout, and generallv the details of construction of 
Ap^eby's cranes have been well considered and carefully worked out 

The cranes most frequently employed in America for building purposes are of two kinds, those 
which consist of a mast and movable jib, and those in which the jib is fixed at a certain angle with 
the mast In the former system the mast is held by three pieces of timber, having at their upper 
ends a collar which passes over a kind of gudgeon on the top of the mast, Figs. 4982, 4983. The 
jib is pointed at its lower end to a piece of iron bolted to the mast, so that it may turn about a horl- 
sontal axis, or be inclined to a greater or less angle. It is moved by a chain, which, after passing 
over two pulleys fixed one at the top of the mast, the other at the upper end of the jib, is brought 
down bv the^ side of the mast and then carried away horizontally to a steam-wuuuass. A tmrd 
pulley hang^g from the head of the jib supports the weight to be raised by means of a tackle- 
block. The hoisting chain passes down the jib and into the lower end of the mast, which is here 
hollow, and down through the pivot and bed, from whence it is carried away horizontally to another 
steam-windlass. Cranes of this land are employed on the Illinois Canal to ship the stone from the 
Lemount quarries. 

Of the second kind we may cite one example used in the work of enlarging the Capitol at 
Washington and subsequently at the Cabin John bridge, aqueduct of the Potomac In tliis crane. 
Figs. 4984, 4985, the jib is fixed at its lower end in a shoe or socket bolted to the bottom of the mast 
The length of these two pieces, mast and jib, is 50 ft, and they form a nearly equilateral triangle with 
the 1-in. iron rod which joins their two extremities. The mast is 13 in. oy 18 in., and the jib 
10 in. by 10 in. scantling. The mast is held by wire ropes. Six pulleys, 18 in. in diameter, are 
xiaed, two at the head of the mast and jib respectively, and two others capable of oscillating ^ut 
the same points; the two latter are simply suspended in space by ropes, but are held together by a 
short connecting chain upon which the lining hook is fixed. 

There are two distinct sets of ropes, etch oonneoted with a windlass, and one of which ends at 
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the oeoiUatine pnller h' of the mast after paasing twice oTer this same pulley, and also oyer one 
of the free pimeys cr; the other, after passing over the two fixed pulleys 6 and c, passes twioe oyer 



4982. 




498S. 



4M4. 



4985 




7 D 



LIFTS, HOISTS, asd ELEVATOBS. 



It the 

m»j be removed to an; Epot Id theTortioalplaueof thecrane. Imiearlyall 

round hj bitnd, thoneh tbt — '--" '— ■ '— -' -^ ' 

flzed to the hesd of ibe jib. 
The ciuie wed foi imloi 
•tandmrd ot hmting-paei and aa inclined anu or jib, the npper ends of which are connected 



niedfoi unloading ooalontotheqaaysof New ToTkooDMetaeBMntiaUToraniiMight 

bmrins-poat and aa inclined anu or jib, the npper ends of which are connected b; an 

iiDD Hid. The v^ngbt porlioit it simpl; ecarfed opon one of the posta on the qnar. The jib n~'~ 



npoa a hinge uainat one ride of the iipnght sbaR, the north, for instance. At ttie nppar end <J 
the jib it a pulley, over which » rope pasea haviag st one end a reoeptoole for the cca^ which ia 
■hovelled in hy a man on boaid the veaael : the otbet end of the rope u carried away to the north 
of the mast and passed under a aerand pulley fixed on a level with the ground, and attached to the 
horse which moves the liftiog apparatus during t)ie standing etill of the cool-cart. Left to itself 
the movable triangle^ which we snppose at first directed towards the veeael, would make ■ quarter 
turn towards the north and bring tae load of ooals, previously drawn np to the reqoired height, 
directly over the cart which is to receive it ; it ia Dec«aBary therefore to keep the crane in its ptaaa 
during the operation of lifting. For this porpoae another rope is fixed to the npper end oF the jib 
and carried away sonthward to a post, aronnd which it is wound in one or two turns. A man 
stationed at this post lets go the rope when it ia time for the cnae to torn, and polls tlie armne hack 
by it again when the load has been emptied into the cart. 

The New York ice cranes, Figs. 498^ 19S7, are equally simple. They an oompoaed of a single 



with a pulley. The 
iee is liiW bv a lazy 
tongs attoohed to the 
liauiing rope, which is 
■o arranged as to awing 
It immediately InM 
the ice cart. Fig. 4987. 
The anangement 
<tf the ballaBtMJianeB 
erected on one of the 
jetties of the Tyne 
docks for the delivery 
of ballast Is shown 



hydnnlic p 
rate of delivery when 
the mnchinery is in 
fall worli is SO tons an 
honr for each crane. 
With the exception of 
tke nse of bydraulio 
power instead of steam, 
the anangement of 
these cranes is nearly 
similar to those which 
have been for some 
Ume in use at Hartle- 

The gins. Figs. 
4980, 1991, employed 
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tt CiiidnDBti for nisjiig the rione slabs with which the fronts of tha hotUM u« atveni, cooAi 

of two polce alightl; inolised, and sttpporliiig anotbec at tb«ir apper «iida. Tbeie, with the wind- 

luo, rest apoD s bed with 

four wheelB, The uppec '*"■ 

pole c&rries & pulley at 

ftbout 65 ft. above the 

ground. It is held bv two 

n^iee pUoed obliqudy in 

th« ground behind, and 

auppmted by a spar. The 

■toDea are held by a apeoial 

applianoe, in which two 

MiewB preaa agauuit the 

faces of the slab. 



ii oommon); employed i 
Amerioft, especially in 
bridge • building. The 

boom, which oonstBta of two 
twin piecea, extends a little 
beyond the back of the 
mast, and this end <^ the 
boom is tied to the top tjad 
bottom of the mast \>j two 
•trotig wire topea. The 
pottioa of the Doom over 
wbiob the traTeller works 
is supported by ties from 
the tup of the mast. The 
reight is suspended tc " 
through " ■ 

js ur«e fixed pul- 
leja, two upon the boom 
near the mtut and one at 
tbe end. An endltMs rope 
Boea from one of the wind- 
» to the other, passing 
bree&ied 




o«r not only the three t 

pnlleys, but also the two 
rollers of the traveller, and, 
in the tpa/aa exactly In the 
middle of this evmoietrioal 
circuit, the pulley, to the 
frame d whioh the lifting 
hook is attached. By oom- 
mnnieating to the two 
wind 1 SUM, or allowing 
them to tuke unequal velo- 
cuties, the traTellar is moved 
forwaird or backward, and 
at tbe some time the 
weight may be raised or 
lowered at pleasure. When 
the derrick has to be turned 
far round, it is better to 
le«d the ropes down through the pivot made hollow for that pnrpoM, a 

Hotf of the applimcea employed in the American porta for removing the masts ot ships are of 
the nature of this derrick. In these eases the boom is swung to Its uuist by tbe middle, and the 
weight is balanoed by a eounterpoiee. These balance derricks are sometimes employed in litna- 
tions where it is inoonvanient to ox guys. 

Movable darriolis. or those which are capable of transporting Iheir load from one sput to 
another otherwise than bj merely revolving on their axes, di^ bom those we have desoribea only 
in the miuoei of their erectioa. The medunical principles upon which tbey sot ore in allcasestha 
tame. Of movable derrick^ the floating are the moat important 

The common chaiaeteriatics of these machines are ligntness, eimplioity, and cheapness, both at 
coDstraelion and working. Instead of heavy and expensive machines, tbeeo aie often the simplest 
appIJanoM made on the spot with two or three pieon of wood and a few bits of rope. As we Lave 
said above^ they are always turned round by band, and tbe inteimediate time of tha man or tha 
men sat to do uiis may be employed in other work. 

Rgs. 49M to 4996 are views of a snbstantially-bnilt I5-lon crane with timber baming, arranged 
with compound braoes, by Wm. B. Bement and Bon, ntiladelphia. The reel or winding drum is 
driven by spoi-gesjring operated by a winch. The ttaversiDg movement is attained by means of 



e explained 
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Wben the load is BoipflDded (tt the end of t!ie anna, the vertical biaoe ii mbjeoted to a t«iunle 
Btnin, which ii provided for by Its attacbment to the iroD Bboea at the ends. To reaiiit the tonioDBl 
■traiD in the saddle, caused bf the diagonal draught of the mtun ohains, an arm is projected Bome 
diBtanca .bom the toddte. and e&rriea a roller, Fig. 4996, that presees npon the inside of ttae fjaming, 
and relioToa the main track. "Che sbeaTes and general tackle ore of the ordinary onnstmctioii. 

Figs. 4097, 4998, are of a iteam traveUing crone used in the ooostraction of the Orand Tnmk 
Bniliraj of Oanada. The steam engine and boiler, villi its driring gear, is supported n^n a plat- 
form at one extremity of the tnuisTene carriage, being fixed tbseUs *nd tnvelliDg with it in a 
longitudinal direotion. 

The advanti^iM songht br Mb crane are, that the steam-power travels with the traversing 
earriage, and does not reqnire longitudinal shi^ or bearings, which is the ca«e when a flxed engine 
ia empk^ed ; the Inbrioalion and friction of the loagitndiual shafting beiog alao saved. A pair of 
■mall direct-acting horizontal bigh-pteamte steom^Dginee A A ore secured to the two main 
timbers B B of the traversing carria^. The boiler is constmoted for bnming wood ; the tnb^s 
are made of solid oopper, wiuont seam or joint, so that the odd ftom the wood nmnot corrode 
them. The engine and boilar with the driving gear are protected fimn the weather by a cabin D D 
oonstmeted of light framework and covered with a oormgated irati roof. Tlie power of the engina 
is transmitted by a spnr-pinion upon the middle of the orank-shaft, throngh a spoi-wheel placed 
on the borizoQtal main driviog shaft F, which commmiicatee the motion for hoisting, lowering, 
traversing, and moving the crane longitudinally. The rootioDB can be need independently or 
simultaneoiuly. The comrannication of the power to the various motions is effected npon the main 
■haft by three seta of mitre-wheels, which are engaged or diaimgiieed at pleasure, by means of three 
handles, O, H, I, that move the sliding clntch toies as required t^ the attendant. Three mitre- 
wheels are famished to each motion, so that whilst the engine revolves continnallj in one directioil - 
the reversing of any motion can be eSectsd by the intermediate wheels. 

The motion tin moving the oarriage l<mgitiidiually in oonveyod throngh the wheels at I, at Iha 
ntramlty of the drivlDg abaTt fiirthest bom the boiler. The middle one of the three handles, H, 
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The oirangemeDt for moving the crane longitDdiDallr bj mrans of ipor-gonriug, driTin^, and 
tnTelling wheela T T Ib »imilHr to the plan adapted to a hand trnvelllng oraDe. 

The tuTelllng wheelB run upon rails H M, which are flied at G'4 ft. gauge, centre to centre. 

The hoisting and lowering motion is tranamittt'd to the chain-barrel K of the crab, b; means of 
an endleu chain N, which is placed in the longitudinal direotion of the traTerting carriage, and is 
driren bv a pulley fixed npon the coDnter-Bliaft O parallel to tlie main abaft ; the motion is comniD- 
liicat«d b; a pair of mitro-wheela through tlio short intermediate shaft at right angles. ThU 
sndleas oUain is oonnai^ted to a pair of nitro-wheels fixed at the lower end of the erab-oarriage, 
which pTB motion to a worm-wheel, the latter *eing kejed npon the ohain-barreL 

The transverse motion of the cnib is obtained by another chain P plaoed in a patallel poertlon 
on the oppoaito side of the main timbers of the traveraer carriage ; this I'll" in ia attached to the 
four-wheeled crab, and passes over a pnlley on the axis of tlia worm-wheel L, whiqji ia driven bj 
the lever gear. 

An additioDal handle B is provided for the purpose of throwing oat of gear the chain N of the 
boiating motion by means of the clutch-box U at the time of the traverse motion of the onb, and 
the chain N then mns with the crab, the pnllc? at U taming loose on the shaft. 

A simple apparatos for adjusting the requisite teosioii of these chains Is provided at the (arlheit 
extremity of tlio two main timbers of the traversing ewrrlnge at the opposite end to the engine, 
consisting of a tightening pulley S S sliding in grooves and drawn back by a sutevr. 

This ciajie is conatracted to lift at the rate of S ft. a minute. The longitndinal motion works 
at the rate of 30 ft. and the traverse motion at the rate of 30 ft. a minute. The engines are 6 horso- 
powor ooUectivety. 

Figs. 4909 to 5O01 are of a travelling crane employed at the Bteun Plongh Works, Leeds, for 
lifting locomotive engines and other beavr work, ranging fWim 15 tons downwards ; it has a span 
of 40 ft., and traverGOS a length of 180 ft. The three difKrent motions for longitudinal traverse, cross 
traverse, and hoisting, are all derivnl front one endleas st(.>el wire rape f in. diameter, and weighing 
2 Iba. a yard. Tliis rope is driven at a speed of four miles an hour, by means of a clip-puUoy, 
Figa. C7 to 71, p. 24, fixed at one end of tne strop, which is driven by bells and gearing from the 
engine working the strop. The rape is entirely unsupported between the two ends of the strop, and is 
-at strained tighlj but hauga loese, with only a slight tension, liecauaa the peculiar action of the clip- 
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Bt the end of tbe Btnp, i« speeded to drire the win rope B B at the r»te of r<nu miles an hoDi, and lajs 
hold of the rope wiUk an amoant of grip pnportiaiiate to the itrain thrown npon the load, releanng 



monbleJawBordipmnnd tbeGinnm(breneeortheolip-palleyanshowniDFig>.69,70. At mm 
end of the travellmg platform of the omae ia Sied another olifh-pulley D, Figi. 5001 , 5002, of the 
■ame aiie and ooii>trbclioD, lonnd whioh the wire rope pane*, makinK three-qnartors of a turn 
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loimd ii Tbe tope then pmwb cm to tlie farther end of the atrop, and ronud the gnwTed pulley £^ 
At that end, Pi^. 4999 to 5001 ; thia puUe; ii oeubed in a aliding buoe proTided with an tdjnMag 
•oraw O, for tightening ap the lope to anj teiuiiin required. The wire rope hai no ■li(j>en or 
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through that distance, the defleotion bom a Btr^ght line being ftom 8 In. to 8 ft, acoonling to the 
degree of tightening b; the end pullej E, 

The geuing far working the lougltadinal traverse uid the onas tnLverse is of the ordinary 
description, the motion being oommuaicated trota the dip-piUley D on the tnTello' by niewu at 
biotion-olntohea. The longitudinal ttaTerse has a speed or 80 ft » minute, and the cro.s tiaver<e 
20 ft B minnte. 

The lifting geaf consists of a very long caet-iion nnt or screwed barrel H H, extending nearly the 
whole length ot the traveller. Fig. 5000, and inside the barrel woihs a short screw I, Fig. 5003. 
sliding on two feathers open the long shaft J J. which is driven by a friction-clutch &om Lne olip- 
pnlley D on the traveller, so that by tlie revolution of tlie ahaft (he screw is traversed along within 
the barrel. The long driving shaft J ia snpported at intermediate points of ita length by the twa 
sliding brass atepa K K, Figs. 5003, 6005, shding along freely within the barrel H, and kept apart 
from each other at the distance of half (he length of the barrel by the long rod L ; thus the shaft J 




Is never left nnsnpnorted for more tbnu half of its length. The screwed barrel H ts out in two 
halves longitudinally, and bolted together as in Fig. 5001 ; and the pitch of the screw thread ia 
y in., the diameter being 6j in. One end of the hoisting chain being aHiiched to the screw Aame M, 
Fig. 5003, the chain N passes along throogh the inside of the bamd H roand a pnlley P, Pig. 5000, 
at the farther end nf the traveller, then over a puUey on the oroaa traversing carriage E, Figs. 5006, 
5007, down to the snateh-blook 8, and up again over a second pnUej on the carriage B, and the 
end la ottached to the nearer estremity of tlie traveller at T, Fig. 5000. There is no reason, how- 
ever, why an ordinary crab might not be nsed, worked by a shaft extending from end to end ot the 
traveller ; and that plan has been adopted in certain cases ; bat for heavy weight it ia still con- 
aidered (hat the long sorewed barrel ia preferable. The crane has two speeds for the lifting gear, 
one bemg at the rate of 6 It a minute, and the other at the rate of 9 fi a miuate: ud at the latter 
apeed the crane is caloulated to lift 15 tons. 
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It li moat dMli*bl« that kU nukchiner; oT this kind should b« kept oomtantl; rmuiiDg w> aa to 
be KTkllable tOt Immediate on at on; momeat vhen Teqniied witboat any delaj for itaiting it to 
work; bntliiMmnohks 

the total time dnring ^g^ 

which the ORUie is 
Mstually in ose doM 
not amount to more 
than one hour oat of 
ten, it ia of Bpedal 
impttftance that the 
power empkifod to 
diife the rope when 
the otane la not In naa 
•honld be reduced to 
aa am^ an funonnt aa 
poedble. If a qniok 
nmoing lope ta em- 
ployed, the absorption 
of power for keeping 
't in oonatant mati(» 



forma a large pnqior- 
tioD of the total power 
required when lifting 



a laad,and thia ia a loM 
whWia aluATa going 
on tbrongbout the da; ; 
bat when a alow speed 
of nqie la employed 
this oonatant liwa ia 
greatly rfdoced. The 
poll required to pnt 
the wire rope In motion 
when the orane fa 
Btiinding idle ia 128 
Iba.; when lifting a 
loalof 10 tons at the 
tu lal speed' of 3 ft. a 
minute, the additional 
poll aeon the rope due 
to the load is 191 Iba., 
makiog the total pull 
S191be.,andtheh[nw- 
power required with 
the wire rope is oon- 
atsAtly S-4 horse- 
power, when atanding 
idle these omounto : 
being TOiT mnoh less 
than in the case of a 
quick • moving cord 



FigB. SOOB to 5010 relate to foundry hoia 
Fig. 5008 ia a general plan of the Wat, 



liata tntioduoed by John Femia, of Derby. 



wrought-IroQ pipe B of 14 in. bore, bj means of a three-way oook, whioh admits the steiun o 
allows it to escape as required. The cihaust-pipe has e. cook at its for end by which the time of 
the dosceot of tha boiat is reticulated. The cylinder ia siuik in the ground, witii ita top level with 
the sutTboo, and is surrounded with non-conduf^ug nuterial, OCC is a 4-in. caat-iron pi[>o 
nmninB from the bottom of tba cylinder to the bottom of the hoist, a length of about 40 yda. D is 
the cylinder of the hoist 13 ft 9 in. long, bored oat from end to end to 6 in. diameter, and sunk 
in a well, the topbeiug aboot 12 in. below the level of the ground. The piston or ram C haaacap 
leather screwed on at the bottom to serve as packing. F is the piston-rod, formed for the sake of 
lightness of a wrought-irou pipe S} in. diameter and about | in.tJiiok, oorrying at the top the light 
cut-iron platform Q, 4 ft. square, on which the barrow or wagon, loaded with materials, ia rati. 
ThepWorm is aleodied in its ascent by the guides H; II are india-mblier washers to break the 
shock of stoppage at top and bottom. 

In working the hoiat, the pipes C C are first filled with water, till the piston of the steam- 
cylinder A rises op to the top of the cylinder, the water being supplied through a wrought-iron 
[ape ) in. bore &om the foroe-pump of tho engitu> that drivee the fan. As there ia always a little 
sakage at the oup leather of the piston E of the hoist, the capacity of the steam-cylinder A is 
inade lawcr than that of tlie hoiat-oylinder D to allow for tbis loss being nearly in the ratio of 
2 to 1. The barrow or wagon being run on the jnlatform, the steam is admitted on the top of tho 
pialon and the boiat begiu to ascend. For the Oat attoke or two condensation takea place pretty 
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landed with 9ewi and deseendB in 
80 leoonds, the etetun being turned od 
and off by tho engineman ; the men 
at the hout make aignalfl when the; 
mnt the hoist to ascend or deocend, 
and it begina to move immediatelj, 
with scarcely any peioeptible loei of 

The hoist was ori^kltT calonlated 
to lift 10 cwt at a time, ue prewnre 
of the steam being 40 lbs, the so. In., 
and the diameter of the ram G 6 in., 
tnakiiig (he total preeanre apon it ~ 
18 ewL, bnt it can take up conre- 
nf ently odIj 9 owt, and the weight of 
the platfOTm, piston-rod, and lam 
being abont 8 owt, Uiere remain 6 cwt 
or abont 80 per cent, of which jost so 
mnoh is lost in friction aa leaves an 
eflectire pressure anfflcient to set the 
hoist in motion at the required speed. 

Fsmie made several experiments 
to ascertain the oonsnmption of ooel 
requited to work the hoist, aod has 
fbnnd that 1 owt a day, in addition 
to the lunal qoantlty, 6 cwt, osed by 
the engine, Is enffident to lift two 
5-ton charges of iron a day. 

£lti!<itort.~Ia the United Btatee 
the name of Grain Elerators it given 
to certain cetablishmeiita in which 
the transshipment of grain is carried 
on, and in which it ii often stored tat 
whole months together. It is weighed 
when token in, and agmn when sent 
out. The ramoTsI of tlie grain &om one 
spot (o another, neoeesitaited by these 
operations, is almost wholly eSeoted 
by means of maoblnery in a very 
smalt spaoe, and in • v«y Uttle time. 
There ace eetablishmenls capable of 
storing from one to one ana a half 
millfcm bnshels of oom at onoe, and 
theae ma; take in from Ave to eight 
thousand bnshels an hour, and send 
out twice thai quantity. If it be 
borne in mind that distinctions of 
■ender, receiver, and owner have to 
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be kept, it wQl be aeen tbnt the piobkm Klred bj the grain elentors ii ^ 70T7 oomplleated 



At Chicago the gnuQ ia brought in « 



1 board T c — e li which ezou the erwt 

_ . . _ ir cuRoea either into the bweee of the 

Brie Oanal, or into the trnofcs of the New Tork Central or the Krie Railroad. And flnaUj rt New 
York the grain la tnuuferred from the barges or the tmcke Into Ibiko ahipa for eiportetion. At 
Chicago and at Buffalo the establiahmenta are fixed. The; are boildingi approachable bj veuela 
upon one or two lidai, and into which one or two tramwa;! ran on a level with the adjoining 
ground. Bucket elevatora laiae the grain, moring in an inclined plane and paMdng tbrongb the 
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wan If the; ore Intended to work on the oatBlde Into a veiae] ; in & Teitiool plane if the; am 

intended to dip into pits into whioh the gniu is shot from the traoks. In order to freight it, It ig 

Btopped at the beginning of 

its downwiird motion in a '"'•■ 

weighiDK hopper resting 

upon a balaaoe. To than 

it. It iB let tM from the top 

of a oylinder IS or 20 ft. in 

length, np which a strong 

ounent of air ia driven by 

a fan. The grain Is stored 

._ , ^ ijfng 

to 65 ft. 
ttoms of these 
bios, which are placed lo- 

Satbec like the equarea of a 
noght -board, are 12 or 
15 ft. above the gronnd. 
These bottoms are of the . 
form of a mill-hopper, like 
those of the vanons re- 
ceiving, weighing, and dis- 
charging hoppers, la order 
that the grain ma; run out 
of its own aoooid throngb 
an orifice of Ibnlted aeotimi. 
A smnU annexe to the prin- 
cipal bnilding oontatns the 
engine and boiler. The 
nutioQ ii transmitted to one 
or two horizontal sbafts in 
the npper peut of the bnild- 
ing, olten at a height of 
100 ft. Tbeee shalts drive 
the elevators. 

Snch are the general 
arrangement*. We will add 
a few details oonoamlag 
the elevatois of Ohioago, 
Baffldo, and New York. 
Figs. 9011 to 5014 represent 
the plan, longitudinal and 
eioBs sections, and the de- 
tailed plan of bins for one 
of Iheae e«tablishmenta. 
A A are receiving wells; BB, re- 
ceiving elevators ; O 0, receiving hop- 
pers ; D D, spouts ; EE.bina; FP.iron 
bin - rods ; Q G, discharging wells , 
U U, shipping elevatots ; J J, shipmng 

Earners ; K K, weighing hoppers. The 
utiding is 210 ft. long b; 75 brood, 
and extends to the river's hank. A 
tnunwa; enters on the oppceiCe side. 
TJi'ere an 108 bins, oupable of oon- 
toioing altogether nearl; half a million 
bushels. These bins nst npoii piles at 
A distance of 15 ft. from ue groand, 
and reach np to the level of the eaves. 
Above the roof aud alone the middle 
of the bnildiog is a wooden stmcture 
S6 h, in breadth, in which the hoppers 
and the horizontal shafts are placed. 
The double rows of elevators, m thla 
case all vertical, ascend to the top. 
Before reaching the store-bins the gram 
Is raised by the receiving elevators up 
to the receiving hoppers, from wliich it 
descends throngh tbe medinm of wpigbing balances. When it has to be sent out, the grain is let 
down into a aeoond row of drawing pits, from which it is taken np b; tbe second series of elevatota 
into other hoppers oalled shipping hoppets; Trora these it mns into tbe vessel throngh sponts 
passing through the wall. 

At another of these establishments at CUongo there are two tramways rmming along tbe bont 
of the bnilding, and two others entering it. The total capacity of the bins is a million and a half 
boshels. It tokea about anhoor to load a vessel of 300 tons. ThesUam-engineisof 200hcme-pow«r. 
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At BidWo, which Memi to bsftbovBBUothe™ the piMo for gwinderotor* thaw woftomflfteBn 
to twwty of tbeoe MtablubiuecitB. Fig^ S0I5 to SOIS reprewnt some of the detaiU of one of then 
belODging to the Miagua Compwiy. A A' Is the slentor for niMng gnia from the lake boat* ■ 




d 



nrnen; LL', ahipping ipnuta; H, l&ke bofi; N, oukl bottt. Figi. 6018, SQIO, «re detuh S 
the elentor. All the ^tpUanbcB for unloading, weigbiug, eletuuliig, ana reloading ore here 
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collected into a tower which is erected on the brink of the river. The main boilding, which is 
devoted to storage pnrpoaes, ia 130 ft square, the height being equal to the other dimenaioiifl. 
This arrangement requires a horizontal transport of the grain. The appliance by which this is 
effected is an endless oelt consisting of a broaa band of stout canvas sewn to two bands of india- 
jrubber, which rest upon two rows of friction-rollers. The grain lodges in a longitudinal depression 
of the canvas. The unloading elevator is 75 ft. long. The frame which gives it the necessary 
rigidity is suspended from the woodwork of the roof by its upper end, and sinks with the load in 
the vessel. This displacement of the upper drum causing the distance between it and the driving 
shaft to vaiy, there is some difficulty in transmitting the motion. This difficulty has been overcome 
in the following manner ; — ^The belt connecting the two does not go directly from one to the other ; 
the under portion of the belt. Fig. 5017, passes under a fixed pulley, and the upper portion under 
a movable friction-roller, which rests its whole weight upon it, being held apby a block moving 
between vertical slides. The speed of the elevator is about 450 ft. a minuto. The sheet-iron fonnel 
in which the grain is received before passing up into the weighing hopper is closed at the bottom 
by a horizont^ slide moving upon small friction-rollers, so that it may slide easily notwithstanding 
the load upon it The weigb&g hopner forms another funnel simply closed by a hinged flap or 
hatoh moved by a handle. Usu^ly a nundred bushels are weighed at once. 

Before reaching the bins, the grain Mis upon the top of a kind of tower, from which eight tubes 
radiate, inclined at 30^. To the lower end oi these tubes are fixed others, inclined to the same 
degree, and capable of being turned about the first as about a vertical axis. By means of these 
pipes all the bins may be readily filled. 

The height of the bins varies from 52 to 72 ft. Their capacity is about 4800 bushels, and ooUeo- 
tively they are capable of containing 800.000 bushels. The partitions which separate them are formed 
of planks placed one upon another, the oreadth being 10 in. at the bottom and 15 in. at the top. 

The belt, or, as it is called, the conveyer, by which the horizontal transport is effected, movea 
with a velocity of 200 ft. a minute. In omer to discharge its load upon any point in ite oourse, the 
horizontal direction of the upper portion of the band is broken by means of two pulleys, between 
which is placed the hopper of a dischuee shoot. These three pieces one above the other are 
mounted upon the same frame or bed, which, supported upon two axles, runs upon a little tramway 
in the space wMch separates vertically the two portions of the band, on a level with the floor of the 
basement story, upon a floor laid over with cement. Another travelling frame carries a system of 

?ipes by means of which the grain from any one of the bins may be brought upon the conveyer, 
'hus one horizontal conveyer is sufficient for five rows of bins. The vertical elevator which tiuEcs 
the grain up again is 140 n. in height. 

When the grain has to be loaded into trucks it is not necessary to raise it as in the case of 
loading into vessels. The trucks are merely run under spouts in connection with the conveyer. 
They are then weighed by running them on to a weighing machine. 

The establishment is capable of raising 7000 bushels an hour from a vessel, and at the same 
time discharge into barges 14,000 bubhels, without reckoning that which may be loaded into railway 
trucks or into special vehicles. 

It may be mentioned that the walls of most American grain elevators are composed of planks 
of wood laid one upon another, in successive courses, decreasing in width towards the roof. In 
oases where the bins have been constructed of iron, the riveted joints have been torn asunder by 
the wedge-like action of the falling grain. 

The elevators of New York are much moro simple, because the cleansing of the grain has been 
effected at Buffalo, and the barges may retain their cargoes for some time. Oocupving, conse- 
quently; less space, and transferring the cargoes from one ooat to another, the establishment itself 
may be afloat, as in Fu^. 5020. In such cases it is taken to the most convenient part of the bay, or 
of the two rivers which flow by New York, Brooklyn, and 
Jersey City. The floating elevator is naturally placed ^ ^o^* 

between the barge and the ship. A bucket elevator raises 
from one what is to be transferred by means of sponte to 
the other. 

The following description of the method, proposed by 
Colonel Henry Flad, for raising the arclies of the bridge A 
St Louis is a subject that may be properly introduced here, 
while considering the nature of various appliances for raising 
heavy weighto. 

The great span of the arches of the bridge of St. Louis ^_^3-:^is-=3^^:ZP^T£3=:::^ir=^-^^^=-:^ 
(524 ft.), the importance of the navigation, wmch could only ^^^=^£^^-^^=-=^3=^^ -=^ ^ ^^ 
be interrupted m one of the three bays at once, and the 
nature of the bed of the river, the floods of which would inevitably carry away the supports of 
scaffolding erected in the space between the piers and the abutments, combined to render the work 
of getting up the segments of the aix^es one of extreme difficulty. The method employed at the 
bridges of Fribourg, Argentouil, and other places, was not applicable here, ingenious as me method 
was. Nor wero the appliances adopted bv K. Stephenson for the erection of the tubular bridge over 
the Menai Straits moro suitable. The following is the method that was to be employed as described 
at the time by Flad ;— # 

'^ Upon the two piers and abutments two towers wiU be constructed of timber, and upon these 
towers will be laid strong wire cables, which will enable a traveller to run from one end to the 
other, carrying either workmen or portions of tubes. Suppose now the arch made up of six 
svmmetrical portions, the sketeh is easily made, A B, B C, C D ; I^ C\ C B', B' A'. The portion 
A B will be placed upon the abutment, and the end B supported bv a cable passing over the tower 
and fixed behind. The two portions abutting on the next pier wiU be placed in the same manner, 
and* by means of the similar cable, will balance each other. Then the portion B C will be lowered. 
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resting its lower end on B, the other end G being supported by a cable passing orer the top of a 
king-poet Bo and fixed at A. The same will be done for B' C*. When this is done, the middle 
portions G D, G' D', will be let down, which will have to be fitted at G and G' with the former. The 
fitting together of these will require the ends G and G* of the segments already placed to be moved 
tentatiY^ up or down ; but how is this delicate problem to be practically solved ? The gable 6, 
instead of resting at the top of the tower upon an oscillating sector or upon a roller, will rest upon 
the rounded head of the ram of an hydraulic press. In this way the levels may be varied by 
insensible degrees. And to render the equilibrium independent d the variations of temperature, 
the cylinder of the press will be made to communicate with a small verticsl tube, the piston of 
which will support a plate suitably loaded " 

LIGHTS, BUOYS, ahd BEAGONS. 

The rocks, sands, and other obstructions along a searooast render it necessary that certain 
constructions should be used to warn mariners, both by night and by day, of their dangerous 
proximity. Such constructions are called lights, buoys, or beacons, the most important being 
lights or lighthouses, which are buildings generally carrieid up in the form of a tower, either along 
the sesrcoast as UTiHmnrlrR^ or upon dangerous rocks. Lights of various descriptions are introduced 
upon the top of the tower at night, and a balcony usuallv runs round the lantern on the outside. 
Lighthouses of a similar kind are frequently erected at the extremity of one of the arms forming 
the entrance to a harbour, for the purpose of guiding vessels in and out during the night ; these 
are usually called Aarbour lighU, The Eddystone Lighthouse, built by Smeaton, is very celebrated ; 
it presents a fine specimen of scientific construction, and has been taken as a model from the time 
of its construction up to the present. 

The details of a series of arrangements for lighting the rooky coast off the Land's End, England, 
were incidentally deeoribed in a paper upon the Wolf Bock Lighthouse, read by Jas. N. Douglass 
before the Inst. G. E., in 1870, from whion we have taken the following ;— 

In consequence of applications from the foreign and coasting trades navigating the English and 
St George's Ohannels for lights and beacons to mark the dangers of the coast near the Land's End, 
a lightiiouse on the Longwips Bock, Fig. 5021, and beacons on the Wolf and Bundlestone were 
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erected in 1795. In the year 1841 a light-vessel was moored off the Sevenstones Bocks, nearly 
midway between the Land's End and Scilly, in 40 fathoms of water. These were all works of 
considerable difficulty, for the group of rocks included under the name of Longships, lie about 
1 mUe westward of the Land's End, and 7f mUes N.K from the Wolf, and are composed partly of 
killas or clay-slate and partly of granite ; the division running through the eastern part of the ligl it- 
house rock, m a north-easterly and south-westerly direction. The Longships Lighthouse is a granite 
structure, from which is exhibited a catoptric fixed light, and it has rendered good service to the 
mariner ; but owing to the terrific seas to wkioh it is exposied, the lantern, with its centre at an eleva- 
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tion of 79 £t. above high water of spring tides, was so much under water daring stormy weather, 
that the character of the light cbula not be determined with certainty. It was not considered safe 
to raise the tower to a sufficient height to render the lantern free &om the heaviest seas; and it was 
therefore necessary to erect in its stead a granite column 110 ft. high, surmounted by a First Order 
dioptric light, and which was commenced in 1869. The apparatus to be installed therein will admit 
of an arrangement being carried out for marking by sections of red li^ht the dangers of the Rundle- 
stone Bock and its surrounding shoals to the southward, and the Brissons Books to the northward. 
The Bundlestone. Fig. 5021, lies S. by E. f E., at a distance of 4 miles from the Longships, and is 
f of a mile from the shore. It is about 17 ft. 9 in. in length, 8 ft 9 in. in breadth at the level of low 
water of spring tides, and the highest part is 8 ft. 3 in. above the same level ; but the only available 
space for the base of a beacon is a portion of the top of the rock, 4 ft. 4 in. long by 4 ft. broad, at 
a level of 7 ft. above low-water spring ti^es. The rook, composed of hard grey granite, fonns part 
of a dangerous group of shoals, and is the only portion visible above low water of spring tides. The 
beacons, referr^ to as having been erected on the Wolf and the Bundlestone Books in 1795, were 
merely bare poles of wrought iron, about 4 in. in diameter, sunk into the zock, and run in with lead. 
That on the Wolf was about 20 ft. in height, and was supported by six wrought-iron stays. The 
beacon on the Bundlestone was not so high, as sta^ oould not be uised, owing to the small size of 
the rpck, Fig. 5023. Both of these were soon earned away by the sea. In addition to the beaooxi 
on the Bundlestone, the position of the rook was 
indicated by day by two marks of rubble masonry, 6on. 

erected on the land, at a distance of 1 mile. These 
are 220} ft. apart, and when brought in line they 
lead over the centre of the rock. The second 
beacon placed on the Bundlestone, Fig. 502^ 
was designed by Jas. Walker, and was erected 
during the years 1841-3. The work was one of 
great difficulty and danger to those employed, 
owine to the smaU dimensions of the rock, ana 
the difficulty of landing, which oould only be 
accomplishea at spring tides ; and then the sea 
was seldom smooth enough to admit of a footins 
on the rock, as a strong tide- runs to the westward 
during the whole of the time that the summit 
is uncovered. This beaoon, after having been 
several times damaged, and twice swept away, 
was eventuallv replaced by a bell buoy, Fig. 5024, 
designed by «f. N. Douglass. The bell, weighing 
8 cwt., is ued on a wrought-iron stand attached 
to the deck, and is rung by four long pendulum- 5023. 

clappers, which are y-shaped, and thus have 

two points of suspension, rendering unnecessary the use of the ordinary guides. The length of 
swing is limited by india-rubber buffers, attached to the iron plate surrounding the superstructure, 
and on which the name of the station is painted. The buoy is constructed with a central water- 
tight compartment, larse enough to float it, in the event of a vessel fouling and driving in the 
outer platmg. A second water-tight oomparfenent is formed at the bottom, which is used for water- 
ballast in cases where the buoy may be required to be placed in shallow water. The weight of the 
buo^ complete is 65 owl That at the Bundlestone is moored with 32 fathoms of long^link mooring 
chain and a 24-cwt. sinker ; 16 fathoms of the chain at the lower end is of l}-in. iron, and the 
remainder, or upper part, of 1-in. It is moored in 16 fathoms of water, B.W. } W. from the rode, 
at a distance of 1} cable, on a rooky bottom and in a strong tideway. It is found to ride well, 
and to ring efficiently in all states of the weather. 

The Wolf Bock, shown in plan and section. Figs. 5025 to 5027, is situated in latitude 49^ 56' 41" K. 
and longitude 5^ 48' 30" W. From it the Lizard lighthouses bear E.S.E. 23 mUes; St Agnes 
Lighthouse, Scilly, W. by N. }N. 20} miles; Longships Lighthouse, NJS.iN. 7i miles. The 
rook is composed of a hard, dark, felspathio porphyry ; ite highest part 17 ft. above low water of 
spring tides, which rise 19 ft. The surface Is rugged, rendering a landing upon it at all times 
mfficult. The depth of the water dose to the rook is about 20 fiathoms on all sides, except the 8.E., 
where a shoal extends for a considerable distance, having only 4} fathoms to 5 fathoms on it at low 
water at a distance of a cable's length from the Wolf. At a distance of 1 mile from the rook the 
depth of water on this reef is about 14 fathoms, but in every other direction it is not lees than 84 
fathoms. 

Between the periods of high water and the following low water, the tidal stream runs south- 
easterly, southerly, and south-westerly ; whereas, from low water to the succeeding high water 
it seta north-westerly, northerl]^ and north-easterly. This peculiarity is supposed to extend to a 
radius of 4 leagues from the rock. Situated as the Wolf Book is, in deep water, and exposed to 
the full force of the Atlantic Ocean, a terrific sea falls upon it, as may easuy be surmised. 

The iron beacon, Fig. 5028, was erected on the Wolf during the years 1836 to 1840. 

The difficulties of the undertaking were so great, that during the five years the workmen were 
only able to work 30} working days of ten hours each. The mast, which was of selected English 
oak, 12 in. in diameter, was carried away as early as November of the last-mentioned year. 
Immediate steps were taken for replacing it by one of wrought iron, 7| in. in diameter. Fig. 5029 ; 
but no opportunity occurred for effecting ita erection during the following summer. It was, 
however, carried out in August, 1842. This mast was bent during the succeeding winter about 
8 ft. from the perpendicular, the bend being in the direction of the heaviest seas, namely, frt>m the 
westward to the eastward. During a storm in October, 1844, the mast was again broken off, at 
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4 ft. in diameter. Thli mart stood until the early part of 
IMS, when it was ouried awa;. In An^t, 1850, another 
wronght-iron mut, Figs. SCSI, S03Z was iBied. It was 9 In. 
in diiuneter at the lower part, and had a globe only 3 ft. in 
diameter. Thii nuurt wilbrtood the foice of the lea until it 
wa* taken domi during the pragreaa of the oonrtmotlon of 
the preeent lighthouse. The ironwork of the beacon, after 
an exposure of thirty y«ara to the oorrosive ootion of lear water, 
is in a good rtate of preaerration, baviag been pioteoted b^ a , 
coat of red-lead point renewed umn^y. Some of the u- j 
tenal cement mbUe nlling was removed for the pnipoie of . 
afloiding ipaoe ftn the stowage of the worknMo'a tools dnring 
tbeerectiimof the UghthonBe, when the threads of the Bcrew- *' 
•tays that woe imbMded in the oement were found to be a* 
pofeot M when flrst made. 

Tfaeetan emplored attbe Wolf Lighthouse wereastfam-tugof GOhorae-power,and4TebttrBea, 
each of 40 tons burden, for the oonveyanoo of the rtone and o^er material ^m the yard to lbs 
work. In addition to these, a lohooner of 100 tons register was built, and speoially fllted for serviee 
as a barraok for the workmen when afloat. Special moorings were laid down for these nesels near 
the workrard at Penianoe, 17 milca distant, and a Umbei jet^ ww erected for loading and un- 
loading them. 

The Wolf Bock Lightboose was deugned by Jaa. Walker, end the erection entnuted first to 
Jas. N. Donglasa, and afterwatds to W. Donglsss. The exact height of the tower is 116 ft. 4] in.. 
Its diameter at the base 41 ft. 6 in., and near the top, at the springing of the onrre of the OBTettO 
under the lantern gallery, the diameter is 17 ft For a height of ^ ft. 4} in. &om the base tha 
work is solid, with the eioeption of a space forming a tank for fresh water. At the level of tt 




gravity is 86 ft. 2) in. above the baao. In consideration of the eipoaedpnsition of the wi 
determined to dovetail eaoh faoe-stone vertically and borUoiitBiry. TUa method of di 
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Figs. 5033 to 5035, ooiuiBtB in having a raised dovetail band, 3 in. in tieight, on the top bed, and 
one end joint of each stone. A oonespondiog dovetailed recess is oat in the bottom bed and end* 
joint of the adjoining stones, with just sufficient dearanoe for the raised baiul to enter it freely in 
setting. From experiments made upon blocks of granite put together in this manner with Portland 
cement, it is found that the work is so homogeneous as to be as nearly as possible equal in strength 
to solid granite. This system of dovetailing also affords great protection to both horizontal and 
vertical joints against the wash of the sea when the work is first set In addition to the security 
affoided by the dovetailing, each stone of the first and second courses of masonry is secured to the 
rock by two yellow metal bolts, 2 in. in diameter, each bolt being sunk 12 in. into the rock, and fox- 
wedged at each end ; a portion of the hole-at the top and the bottom being made oonical for the 
purpose. From the third to the twentieth courses inclusive, each face-stone is secured to the 
course below by two yellow metal bolts, Figs. 5037, 5038, 2 in. in diameter, and each internal stone 
by two bolts of galvanized puddled steel, also 2 in. in diameter. Each bolt in these courses is sunk 
9 in. into the course below. All the holes for the bolts were bored on the platform in the work- 
vard, and so accurately was this executed, that do instance occurred where the lower part of a 
hole was found to be out of position for properly inserting and wedging up the bolt at the rock. 
Figs. 5037 to 5043 are plans of the courses, and Fig. 5044 plan of gallery, lantern, and illuminating 
apparatus at level of service stage. The masonry, to the level of high-water spring tides, was set 
in fresh Medina Boman cement. All the cement used in the work was mixed with an equal portion 
of clean, sharp granitic sand, obtained from the stamps refuse of a tin mine. This sand is of excel- 
lent quality tor such work, every grain in it being hard, angular, and rough. Salt water was used 
for mixing all the cement required for the landing platform and the solid portion of the tower ; 
above this only fresh water was used. 

In spite of the precautions taken for the security of the stones in the lower portion of the building, 
thirty-four stones of the fifth course, which course it was found impossible to complete at tiie end 
of the season of 1865, were carried away during a heavy storm which raged on the 24th and the 
25th of November of that year. 

The general internal arrangements and fittings are shown on the section of the tower. Fig. 5036. 
The step-ladders for ascending from fioor to floor, and the partitions between the rooms and staircase, 
are of cast iron, and the use of wood for the fittings has been limited as much as possible, as a pre- 
OAution in case of fire. The doors, windows, and storm-shutters are constructed of gun-metal. The 
windows of the watch or service room, immediately under the lantern, are specially arranged for 
admitting air to the lantern, and for regulating the ventilation in all ordinary weather. The supply 
of air is admitted by a valve at the upper paurt of the window, so as to pass above the head or the 
light-keeper on duty, and upwards through an iron grating surrounding the lantern fioor. The 
lantern is one of the cylindrical heUcally-named type, designed by J. N. l)ouglass, and adopted by 
the Trinity House. 

With the view of giving the Wolf Light a perfectly distinctive character, a revolving dioptrio 
light of the First Order, showing alternate flashes of red and white at half-minute intervals, waa 
resolved upon. This arrangement involved the oonsideraticm of the important question, which does 
not appear to have been previously determined with accuracy, of disposing in each beam the relative 
proportion of light to allow for the loss in the red beams by passing through a ruby glass medium, 
and produce at all distances at which the light can be seen, with variable states of the atmosphere, 
flashes of nearly the same strength. The investigation of the subject was entoed into by VrSteeeat 
Tyndall, and ttom practical tests it was determined that the quantity of light to be appropriated to 
the red beun should be to that of the white in the ratio of 5275 to 2250, or as 21 to 9 nearly. 

The apparatus has sixteen panels of refractors and lower prisms, and eight panels of upper prisma, 
to the circle. Eight panels of refractors and lower prisms of 18° each are appropriated to eight 
beams of white light ; and eight panels of refractors and lower prisms of 27° each, together with 
the eight panels of the upper prisms of 45° each, to eight beams of red light. The colour is 

Sroduoed by ruby glass placed in front of the panels, and revolving with the apparatus. The 
luminating power of each beam sent from the apparatus is estimated at 2250 French units. 

A 5-cwt. log-bell is fixed on the lantern gallery. Fig. 5036. It is stmok bv two hammers worked 
by machinery fixed in the pedestal of the illuminating apparatus, but independent of that for rotating 
the latter. For the purpose of giving the signal a distinctive character for the station, the machinery 
is arranged for strikinff the bell three blows in quick succession at intervals of fifteen seconds. 

In consideration of the great difficulty that would be experienced in landing upon the Wolf, 
which can only be effected on the north-east side, and even there the surface u mggea and without 
any vertical face for a boat to approach, it ^as determined to constmot a landing platform, Fig. 5025. 
As the material for this platform could only be landed from boats, small granite ashlar, set in 
cement, similar to brickwork in old English liond, was adopted. The stones, with the exception of 
the larger ashlar in the steps and coping, and some mbble-filling obtained from the foundation pit 
for the tower, are each 24 in. by 12 in., by 6 in. in thickness, rough pick-dressed, and are laid in 
fresh Medina Boman cement. Frequent tides, which did not ebb low enough to admit of worldng 
at the foundation pit for the tower, were worked at this platform ; and so rapidly did this portion 
of the work progress that the platform was nearly completed before the foundation pit was prepared 
for setting ine first stone of the tower. The platform greatly facilitated the erection of the light- 
house, and will prove of permanent value, from the convenience it affords for landing and embarnng 
at times when it would be impossible to effect this without it. The landing platform contains 
14,564 cub. ft. of masonry, muring together with the tower a total of 59,070 cub. ft, or about 
437^ tons. 

Tne first survey for the purpose of determining the exact position of the proposed tower was made 
on the 1st July, 1861. Douglass landed upon* the rock, and made the best use he could of the slKnt 
time which the state of the tide allowed ; out the sea getting up meanwhile put a stop to his work : 
and as a boat could not, from the inoreaaed swell, approach the rook with safety, he was hauled en 
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great precaution neoeaaary for the safety of the workmen. Heavy iron stanchions were sank into 
the rock around the site for the foundation, and each man worked with a safety-rope lying near 
him, one end of which was attached to the nearest stanchion. An experienced man was always 
stationed on the summit to look out for the sea, who would give warning of such waves as were likely 
to sweep the rook, when the men would hold on, head to the sea, while it washed over them ; picks, 
hammers, and jumpers, some exceeding 20 lbs. in weight, were frequently found to have been 
washed away, when the waves had passeid and were followed by a lull. 

On the 29th September the last tide of the season was worked. Only twenty-two landings had 
been effected, and eighty-three hours of work obtained on the rock for the season, although not a 
single opportunity had been lost when it was possible to work even half an hour. The season was 
altogether a very unfavourable one for such an undertaking. During these eighty-three hooxs 
considerable progress was made in blasting and catting oat the foundation pit for the tower, and in 
the erection of the landing platform. 

In 1863 the first landing was effected on the 20th Febmaiy, and the last on the 2ith October. 
Daring the season thirty-nine landings were effected, and the work on the rock was proceeded witii 
during 206} houra. At its close the cutting of the foundation pit and the erection of the landing 
platform were about half executed, and the dressing of the sixth oouxse of masonry in the workyard 
was completed. 

The first landing for 1864 was effected on the 9th April, and the last on the 5th November. 
During this year forty-two landings were effected, and 2^ hours' work obtained on the rock. On 
the 6th August the first stone of the tower was set. At the dose of the season thirty-seven stones 
of the first entire course, or second course of the tower, were set ; the landing platform was nearly 
completed, and the dressing of the tenth course was finished in the workyanL The iron derrick 
landing crane. Figs. 5045, 5046, was erected on the end of the landing platform. It has a solid 
wrought-iron mast, 10 in. in diameter, 

fixed in a cast-iron well, into which ^., 

the machinery, when not in use, is ^«/ ** 

lowered by a rack and pinion, and is ^ ' 

there secured by strong wrought-iron 
hinged covers. The wrought-iron 
derrick, when not in use, is lowered 
into the long protecting chamber, and 
is secured therein with strong iron 
covers. 

In Figs. 5047, 5048, the upper and 
lower deck plans and a longitudinal 
section of one of the stone barges ace 

S'ven. Tbelower hold of these barges 
fitted with elm rollers, running on 
iron gudgeons, on which the stones 
were stowed, in the order in which 
they were wanted for the work. Each 
stone, as required to be landed, was 
rolled on to one of the trucks at the 
stem of the huge, and drawn np to 
the level of the deck by a chain led 
from the winch on the deck; the 
chain from the landing crane was then 
shackled to the lewis fixed in the 
stone; the single block of a strong 
rope veering tsMokle was also attached 
to the lewis as shown; one end of 
this tackle was secured to one of the 
windlass bitts, and the other end to 
a brake-barrel on the winch. As the 
chain of the landing crane drew the 
stone from the trudk over the roller 
at the stem of the barge, with the 
heave of the vessel, the veering tackle 
was eased away by the brake, and the 
tackle kept just sufficiently taut to 
prevent the stone being driven by the 
sea against the rock. Blocks of stone 
have frequently been landed without - 
damage u)i this manner, with a rise 
and fall of wave of 12 ft. 

The relative positions of the moor- 
ing buoys, barges, and landing boat, 
when engaged at the rook, are shown 
Fig. 5025, where 8 B indicate stone 

ba^^, L landing barge, and M M spherical mooring buoys. Each barge, when at the landings 
crane, was moorea, stem and stem, with 10-in. coir-hawsers ; and the stern hawsers even of this 
size, which being shorter than those at each bow had not so much to give and take, were frequently 
parted. The barrack schooner, for the accommodation of the resident engineer, his assistants and 
working party, was moored E.N.E. from the rock, at a distance of f mile, and remained there aa 
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long H then km «iriippcirtimitf of doing an; woric. WheD this ma no tODeer poHible, and then 
wu DO Immediate pnwpeot of better weather, the moorings were slipped, and toe vewel waa taken 
to Fanmuoe, tbeie to await another opportunity. 

Fig. 5M9 ibow* the oinDgement of tho Uftiiig and setting gear, end the pragiese or the wcnk 
during the fltet five jrean. 

F^. S050 to 5053 are a peiepeo- 1M> 

live view, with plan and aectiinu of 
the landioK boU used for the work. 
This boat la built diagouall;, of two 
^in. tliiokneesea of elm plank, withoot 
timban or floors, and is provided with 
a landing-deck and maat forward. 
The deok and gunwale forward ara 
ooiered with rough lope'niattiDg, for 
the purpose of Wording a good foot- 
hold in jumping ftoia or into the boat. 
B«oh workman was provided with a 
cwk life-belt, whieb he was oompeUed 
to wear while landing on or embaying 
trom the rock : and it was froquentl; 
neoeaaar;, for the eafoty of tho men, 
that the; ahoold wear these belts 
during Che whole of the time that they 
were engaged upon the rook. 

Tbe moorings laid near the rock 
for the ve«els were aa follows;— 
Those for the (ailing barrack-vessel 
wero laid about { mile E-N.E. bom 
the lock, in a depCb of 36 fathoms, on 
a bottom mmpoaed of ooarse sand and 
shells. Tbe moorings oonristed of a 
SOHJWt. muahroom anchor, 90 bthom* 
of l^in. chain, with a swivel and 
rireted shackle at every IS fathoms, 
and an iron spherical mooring bnoy, 
S|fL in diameter. As it wasneoeesaty 
that tho vessel ahonld be saoaiely 
attached to tho mooring, and ;et be 
free to slip from it readily under 
canvas, in aneh a maiiaer as to avoid 
driftinB; on the rock, the foUowiDC 
method was adopted; — A piece <H 
cl^in, of the same site a* tbe mooring 
oliain, and about 3 (athoma in length, 
was shackled to the mooring chain at 
3 ^thorns fRan tbe buoy. To the 
upper end of this chain was ahaokled 
aboDt the same length of i-ia. chain, 
and the end was caretaUy ato^ied 
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The end of the moninK oludD, when hove in, was stopped to a atrong eye-bolt in the deok 
abaft the windlass ,- the end of the amall chain waa then passed bock over the windlass and loUei 
at the bow. and secured in the some manner aa before to the buov, whirh was hoiated on to tbe 
bow of the vessel and there lashed. When it was necessary to slip from the moorings, the buoy 
was first thrown overboard, and then the chain was slipped from th» windlass, the whole operation 
being easily performed in one minute. 

&chDf the three moorings close to the rook, for seoorlng the stone barges, wa* laid In about 25 
(athoms water ; each mooring consisted of two 24-cwt. cast-iron sinkers, SO fathoms of li-in. ground 
chain, and IS fothoms of l-in. upper chain, to which was shackled a SJ-ft iron spherical mooring 
buoy, with a strong mooting eye at the crown, to which tho craft was secured. These moorings, 
laid on a rough, rocky bottom, in a strong tideway, and with a oontinuotiB swell, were subject to 
great wear, especially the portion on the ground. They wore nsmill; laid between the latter part 
of February and the early part o( Harch of each season, and were taken up between tbe latter 
port of October atid the early part of November. It was generally found that the iron in the chain 
waa reduced in diameter during the above period nearly as follows, namely, from the booy to 20 
fathoms, A of an inch ; this portion of the chain, where the links were not in contact, being 
coated witA abort seaweed and cruataoea. From 20 fathoms to SO fathoms the chain waa quite 
bright, and nearly uniformlv reduced in diameter i in. From SO £slh(inu to the einkora, 49 
hthoma. the chain was rather bright, and reduced about } of an Inch. No shackle, even 
with its pin well riveted in when hot, could be trusted in the iwrl of the oliain where the greatest 
wear occiirred : the incessant hammering on the rock soon loosened thepin, and rendered it unsafe 
All the oonring chains used were long linked, and wilbout Htnds. Otch mooring was liftid and 
oarefully examined once or twice during tbe season as opportunity offered ; and when taken up at the 
eodefeMhacaaon, they wore thoToaghly overhauled, and the ..... 



I, th^ wore thoTooghfy overhauled, ami the worn pMts cut out and replaced by n< 
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He work ataadily pngraned jtai b; jtmz, astU on the 19Ui of Jolr, 1869, the lut d 
laid. 

Maplin Sand Lighthofita, —Tbe aouOi ct iiie tivei ThmntBB is tntanfloted by nnmetoiu m 

at ita juQctioQ witli the ooe(ui,aiHl DpOD one of these bsukBu erected theMapIin LighthooM. Tfaa 
ohannel to the Bontb of the MapUa Sandi waa formerly marked by a floatiD(; l^L lo light- 
Tssoals a lantern enoirolw and ilide* upon a short mast, and is raised or low^ed bv a crab and 
chain : thoee vessels ue rendered mote oonspianons daring the day by being paintea of a bri^t 
red oolour, and a globe aboat S fL in diameter formed of thin wooden rifaa oonnectad togethes' by 
belts of the same material, is plaoed at the top of the mast. 

"" ■ *-" '-ment in theSe venela oonsists of six or seran man, irho are reliend erery two 



aeriooB oalamitiaa ate liable to ooonr to shipping ; and this having ocxnined with tba li^t-Teanl at 
the HapUo, meana were taken to erect a small permanent ironlightboaa^andfiom J.B.Badm>a'a 
paper on the snbjeot in Ttms. Inst 0. S., 184^ we leam that mtoheU'i qitem of aaraw^iitka iraa 
need for the fboddatloiii. 

One pile was plaoed at each point of an octagon, with one in the omtie, and they wan HKWod 
down into the sand in the following manner ;— A raf^ aboat SO It. atinare, had been DteTionsIj 
prepared, with a longitndinal opening bom one side to thoMntie for theadmlMioD</tbe pOs: 
this was towed over the spot when a idle was to be screwed down, and was held in its pmwr 
position by meana of warps, the pile beine pitehed npright, and projecting ttuongh the timing 
left for that purpose ; a capstan-head waa then keyed on lo the pile at the pnHier kfel, tba ban 
were introduoed, and bvmuuial labovi the piles were screwed down, the oapatan-beadbeiDgdufted 
np as the piles desceuded, the average work being one pile a day. 

The labour reqnlred for sorewing the piles down vwied mnoh, but for the moat part the Bad 
appeared to be clean and firm ibr abont the fliat 8 ft., and then became looser forabcot 3 fU, tha nat 
being generally unllbnn. 

The piles were torewed down 21 ft. below low water, Fig. 5051, their topa bdng 5 fL aboia 




that level, and fnsn 4 ft. to 4 fL 4 in. above the sand 
In a few tide* the sand was fonnd to be oonsiderablj 
lower at the 8.B, being 6 ft. below the pile-beads, 
whilst at the northward it had not nndergone an| 
change. Whether Uiia deepening arose from the pro- 
jection of tlie piles alone is doDbtfal, as the sand ap' | 
peered to liave decreased at the margin nnifbrmly tc 
theeaat and west. Still the obstmction of these pila 
to the eurrent of the stream, thoiuh small, appeared 

to have bad some inflnence ; a slight hollow was won f 

around each pilEL similar to what takes place on tht : 

seashore, aronnd stones lying on the sand. 

As the sand shifted so much, it was thought advisable to adopt some pieoantiaouy msasarea, 
lo secure a foundation for the bnilding. A raft, or grating, of timber waa aocordingly (bimed. 
Fig. 5055, towed down, and moored off the sand. The timbers of the lafl were so diqwaad a* to 
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admit the piles freely, and a curb extended all round, for retaining the Btones intended to be placed 
upon it ; the surface was covered with bavins, or fagots of small wood, filling the spaces level with 
the tops of the upper half timbers, and weie fixed by means of ropes, interlaced with them and 
nailed to the timbers. The raffc, in this state, was towed over the piles, from the tops of which 
leading ropes had previously been brought through the corresponding openings between the 
timbera ; this precaution was necessary from the inequality of the sides of the octagon. One 
hundred and twenty tons of rough Kentish stone were then thrown upon the raft, covering it to an 
average depth of 15 in., causing it to sink with about two-thirds of this weight, and to ground just 
before low water. 

From the sand having decreased so much previously, particular care was taken to obtain the 
levels of the raft so as to ascertain in future the amount of settlement and inequalities counteracted 
by adding to the higher portion an additional quantity of stone. 

The ironwork supporting the superstructure, Figs. 5054, 5056, and placed immediately upon 
the screw-piles, consists of nme hollow cast-iron columns, or pipes, the exterior ones curved at the 
top to a radius of 21 ft. to?rards the centre, with projections to support the wroughi-iron collars to 
which the ties are bolted. The columns, at 4 ft. uom the bottom, have a stop oast in them to rest 
upon the piles, and are finished at the top with a socket to receive the timber columns of the super* 
structure; the centre column is shippea 2 fi over the centre pile; the columns at each end are 
strengthened by wrougbt-iron hoops, put on hot, and suddenly cooled. The ties are of wrought 
iron, connected to the outer columns b^ collars with arms, embradng the ends of the ties, which are 
flattened out ; the ties at the centre of the building are finished with projections, forming part of a 
circular collar, which encloses the centre column ; the projecting flanges are bolted together; the 
braces are arranged so that there should be a tier of horizontal ties between the outer columns, 
about 10 in. above the pUe-heads, and similar ones radiating from the centre column to the north, 
south, east, and west columns. Four sloping diagonal ties connect the centre column to the north- 
east, north-west, south-east, and south-west columns, near the level of the upper horizontal ties, 
and are fixed in the same way as the lower ones. These horizontal ties are atteohed immediately 
below the sockets in which the timbers rest, at which level sloping ties connect each of the exterior 
columns to the upper part of the centre one, which stands 7 ft. above the rest. 

The columns of the timber superstructure are stepped intq the iron columns, and are well braced 
together ; the tiers of horizontal oracing form the supports for the floors and gallery. The braces 
are partly supported by oak cleats, screwed to the uprights, to which the half timbers are bolted, 
and the whole timbers abut against them, being piurtly let in and secured by wrought-iron gibs, 
keysi and cleats, and attached ut the centre by wrought-iron knees and bolts. 

The superstructure Ib further strengtiiened by a raking brace being placed at ever^ external 
column, at the level of the lower floor, and abutting agaixut the centre cuumn, into which four of 
them are tenoned, and are secured by wrought-iron knees and bolts, the upper ends being bolted to 
the half timber braces of the lower floor ; the lower ends of the remaining raking braces are stepped 
upon the others, and at the outer ends are fastened to them in a similar manner. Between each of 
these braces quarters are fixed, and the whole is boarded inside and out, forming the store for coals, 
water, ftc Both the tiers of horizontal bracing are bounded by curbs, which fit in between the 
main pillars, and are fiutened by wrought-iron knees and through-bolts ; the upper curb is level 
with the tops of the pillars. The joists of both fioors are calked on to the horizontal bracing, those 
of the lower fioor being tenoned into the curb. 

The lantern base is supported upon a curb, in pieces 8 ft. long, the ends of which are half-lapped, 
bedded on, and bolted to the upper horizontal braces. The basement, or plinth, consists of sixteen 
sides, the angles being formed oy two quarters, tenoned below into the curb, and at the top into the 
sill of the lantern, which is of oak, weaUiered and throated, and the joints dovetailed and half- 
lapped ; the quarters are well braced, and the wrought-iron through-biolts, which hold down the 
lantern, pass between the quarters at each angle, and are screwed up underneath the lower curb of 
the basement The plinth, or basement, is covered with two casings of boarding, an inch thick, 
the inner casing being placed horizontally, and the outer vertically. The ioists of the lantern floor 
are laid, like those of the lower floor, upon ihe horizontal bracing and the lower curb of the lantern 
base ; the joists of the lantern gallery rest upon the curb of the lantern plinth, and upon the upper 
outer curb, radiating nearly from the centre, there being one at each angle, and the whole is covered 
with boarding, which receives the lead flat. 

The sides of the dwelling are covered both on the outside and the inside with boarding ; the joints 
are ploughed and tongued, and each board is strongly nailed to the three tiers of quarters ; the 
.outside boarding at the bottom is rebated into an external moulded curb, which is flzed to the outside 
of the principal curb, and the principal posts, or columns, are rebated for a width of 2 in. at the 
angles, to receive the ooarding ; and the fiuses of the columns are covered vrith pilasters, or covering 
boards, rounded on the edges, and reaching about 8 ft. 6 in. below the lower curb, being terminated 
at the top by brackets, against which the cornice abuts. The gallery and cover boards of the cornice 
are covered with lead. 

The window-frames are supported in a framework, the poets of which receive the quarters of the 
sides ; the window sills are of oak, weathered, and throated in front ; the sashes are single, and, 
like the shutters, slide up and down inside the outer boarding. 

The door is on the north-west side, and the Quarters of the side are tenoned into the posts, the 
jamb linings being nailed to these posts ; the sul is of oak. throated and weathered, and the head 
is flnished like the jambs, liie two leaves of the folding doors are framed and battened with deal 
2 in. thick, and when shut they are flush and fair with the outside of the dwelling. 

The interior of the dwelling is arranged and partitioned oil; so that the sleeping berths are kept 
distinct from the living room, by having smidl state rooms and doors in frront. The store has bins 
for tow, provitdons. and so on ; in it are kept the oil cisterns, and the stairs up to the lantern are 
enclosed by partitions. The communication with the lower store, in which coals are kept, is by a 
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trap close to the entrance doorway ; the wateiMsloset and water-tanks are likewise placed in this 
lower store. 

Outside of the entrance door is a landing, or platform, from which the ladder descendB to the 
level of the top of the north-west iron column, where it is supported by a cast-iron bracket ; on the 
surface of this ladder, the second length slides upon rollers travelling on wzought-iron plates. This 
portion of the ladder reaches to near low water, and is raised by means of a rope and barrel, worked 
by a ratchet-wheel and lever, the rope having balance-weights at the other end, which slide up and 
down against the face of the pillar. There is also a brake for lowering it ; by this oontriTaiioe 
the building can be reached at any time of the tide, as the lower end of the ladder, when let down, 
reaches sufficiently near to the surface of the water at low tide to enable perwHis to land on it. 

The principal dimensions and scantlings are ; — 

Iramoork, 

Screws 4 ft. diameter 

Piles 26 ft long, 5 in. 

Oast-iron columns (external) 18 „ 11 in. „ 

and 1^ in. thick. 

liower wrought-lron ties 2) in. „ 

Upper ditto 2 in. „ 

Wrought-iron screw-bolts to couplings of ties fin. „ 

Timber Work, 

External colunns, 30 ft long, 12 in. square at the bottom, 

and 10} in. at top. , in. 

Half timber horin>ntal braces 12 

Upper whole ditto 10 

Lowerditto .. 11 

Rakbigbraoes 10 

Joiners^ Work, 

Lantemcurb 12 

Oak sill to ditto 12 

Oak window sills 12 

OakdoorsiU 12 

Doorposts f 6 

Jamb linings to door ^ 2| thick 

Outside boarding to sides of dwelling 2 „ 

Inside ditto 1| » 

Pilaster boards 2 »« 

Boarding to lower store 2 „ 

Ditto to lead flat 2 „ 

For the superstructure, the cast-iron bases were first shipped over the pile-heads, dropped upon 
the stonework of the raft, &nd solidly bedded ; on the tops of these bases were placed concantrie 
rings, forming washers, fitting loosely over the piles, and of various thicknesses, so as to render the 
bases of one uniform level at the top. 

The columns were then all put up, and the wrought-iron work was fitted ; a stage was erected oq 
the upper horizontal braces to facilitate the erection of the timber framing, upon which the lantern 
was placed ; the light was a French dioptric light of the Second Order ; its centre, 45 ft above the 
mean level of the sea, and at this elevation it may be seen from the deck of a ship for a distaooe of 
nearly ten miles, Fig. 5056. 

A bell is fitted on the gallery, to be sounded at regular intervals in dark and foggy nights, by 
means of clockwork within the lantern base. 

A space of 2 in. was left between the tops of the bases and the lower ends of the columns ; so 
that, in the event of the piles sinking with the weight of the building, after settling 2 in., the 
structure would rest upon the bases, and through them on the large bostring sur£Eice of the raft, 
amounting to about 1700 sq. ft., being fifteen times the area of the nine screws, the bearing of which 
IS 113 superficial feet, being 12*56 ft. to each pile. 

As the water ebbs at times b0ow the tops of the bases, the piles were exposed for a length of 
2 in., giving the bases a somewhat weak and unsightly appearance. To obviate this, nine covering 
irons were cast, the exterior ones being 2 ft. in length, and the centre one 3 ft. ; they were each 
formed of two semicircular pieces, fitting together with lapped joints, and screwed with counter- 
flunk screws, having each a projecting flange inside to support them on the bases. The upper part 
of the bases and the lower ends of the columns were thus enclosed, and at low water these coYering 
irons had the appearance of bases to the columns, and they fitted loosely, so that, in the event <^ 
any settlement, tney would offer no obstruction to the columns. A mark was made on the outside 
of each column, 12 in. above these bases, to ascertain if any subsidence did occur. This, of course, 
could only be observed to the extent of 2 in., when, as before described, the structure would bear 
upon the raft 

The total weight of the structure is about 72 tons, being a weight of 8 tons a pile, or ]2f cwt a 
superficial foot of bearing surface of the screws at the ends of the piles. 

The usefulness of a lighthouse entirely depends upon the accurate construction and effective 
working of the light-giving appliances, and no engineer has given this subject greater attention 
than D. M. Henderson, to whose paper upon Lighthouse AppUanoes and Lanterns, in the Trans. 
Inst. C. E., 1869, we are indebted for the succeeding particulars. 
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Tbeie ue, writes Hendenon, liz ordon of mtadioptiio ftpparatoi in general use, the flnt three 
designated sea-Iighta, and the aeooiul three hftrbotu-ligbts, bat modificatiaiu in size have been 
iDftde for particular cbbcs. 

The lugest size of appamtns i« that known as the First Order, having 
I-S4inare = T2'142ii)., and a height of glass of 2-704 m^trea = 106-44 
there were thirteen upper and sii lower prikmB, bat the section now ganen 
npper and eight lower prisms. Fig 5057, so that the paths of the raji 
skorteDed ; there is thus lees lose bj abaorption, and greater aconracr is a1 



„ a for particular 

The lugeat size of apparatus is that known as the First Order, having an internal diameter of 
-''4inare = T2'442in., and a height of glass of 2-704 metres = 106-447 in. In the old seotim 

.Lj^ J j_ 1 T, — i._i 11 .; ^ ganerallv adopted has eighteen 

the rajs thioDKh the prisma are 

, . ... , „ _. . acy is attainable. 

The Second Order has an internal diameter of 1-4 mitre = 55 119 in, and a height of glass of 
2-121 aUtna = 83-925 in. In the old eection there wore tweUe upper and fiie lower prisms, bat 
the eeotlon now generally adopted has sixteen apper and sis lower prisms, Pig. 505B. 

The Third Order has an internal diameter lA 1 mHre = S9-371 in., and a height of glass of 
1-56 mitre = 61-435 in., Fig. 50S9. 
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, B __it oT the harbonr lights, has an inlnr 

mUre = 19-685 in.,anda bel^t ofglai 

TheFifthOrder,Fig.506l,hasaniD 

is being three-fourths of those of the Fourth Order. 

The Biith Order, Fig. 5062, lias an internal diameter of 0-S mitre = 11-811 in., all the dimen- 
sions being three-flnihs ^ thoee of the Fonrth Oidor. 

Another order has been introdnoed between the Third and Fourth, called the Small Third 
Order, baring sn internal diameter of 0-7S mitre = 29-628 in., and a height of glass of 1 144 
mitre = 45056 in.. Fig. 5063. 

In addition to these there have been made tbe annnlar lens, shown in aection. Fig, 50G4, for 
improTing the old reflectors, and called the Serenth Order ; and an apparatus, with an JntoiTia] 
diameter of 0-15 mitra = 5906 in., called the Eighth Order, Fig. S06(^ which has been used for 
small Ashing stations, ships' lights, and for floating light-veeeels. 

These various orders relate to the size of the apparatus, and oonsequentlj to the power, which 
is equivalent to the range, since suitable lamps are placed in the focus of eadi apparatus. Care is 
themore necessary in selecting the proper order of apparatus for esnh ligbtboose, as by a too Buall 



2266 LIGHTS, BUOYS, aiid BEACONS. 

order there will not be power enough to light the required dlstanoe, and by a too large order there 
will be a useless expense, not only in the original oost of the apparatus, but also in the lantern, 
tower, and in the increased maintenanoe. 

The various sections of apparatus already mentioned have been designed to suit oil flames, and 
ihe focal lengths chosen have such a relation to the size of the flame as to give a useful amount of 
divergence. 

When petroleum takes the place of oil, if a diso be used in the centre of the oiroular wick, it 
becomes necessary to change the position of the foci, to suit the altered shape and condition of the 
flame. This has been done in France, and with very satisfactory results. 

Much remains to bd done in the application of petroleum, as at present only bumem with one 
circular wick have succeeded. Petroleum, from the greater whiteness, brilliancy, and cheapness of 
itB flame, and its non-congelation through cold, in sure of a muoh more extended appUoatian than 
it has at present. 

In the electric light, from its condensed size, the focus for all the PAfts of the apparatus is in a 
point, and from the shape of the carbon points, as great an angle of Ught is avauable beJow the 
focal plane as above it. 

There are two grand dassee of lights, as far as the effects they produce are concerned, namelT, 
flxed and revolving, but there are many combinations of the two plans. The former give a steady 
light of uniform intensity over the whole arc of the sea required to be illuminated ; wMle the latter 
ooucentrate their light into parallel hetana which, when the apparatus revolves, produce flashes 
preceded and followed by an eclipse or total darkness. In fixed lights, not illuminating the whole 
horizon, means should be adopted to utilize all the light not required in the non-illuminated are. 
In dark arcs up to 180°, metallic or glass reflectors are used, but when these arcs are greater than 
18(P, the excess must be utilized by some other arrangement designed for the partiouhtr case, and 
it frequently happens that vertical condensing prisms, placed outside a continuation of the flxed 
light, are the most advantageous. When the whole horizon is not illuminated, vertical condensing 
prisms can sometimes be UMd for intensifying particular arcs requiring a mor^ powerftd iUnmina- 
tion, or for showing a colomred light equal in intensity to the adjoining white light 

No general rule can be laid oown tor the apparatus, as each light has to be desigxied to eoit its 
partict£ur requirements. The method of determining tne shape of a prism by calculation, although 
simple, is a lengthy operation requiring great care from the number of figures used, and when a 
design containing a number of prisms has thus been worked out, it generally happens that aome 
modifications are advisable— 1, to equalize the sides of the prisms ; 2, to suit the framing ; S, to oauae 
the light to miss particular lantern standards. Even if the prisms are worked out from the 
calculated angles only, the operation is tedious and somewhat uncertain. To obviate thk a 
refraction pro&actor was designed by Alan Brebner, assistant engineer to D. and B. Stevenson, 
which enables prisms to be drawn in with great speed and accuracy. After the arrangement has 
been decided upon, the prisms can be calculated to verify the setting out, and obtain the n eoo s Bs iy 
dimensions for the griniung, without being liable to the inaccuracies of scaling. 

Some further modifications have been made in fixed lights to render them intermittenl Thns, at 
Minehead, in Ireland, the light is visible for fifty seconds at a time ; the periods of light being sepa- 
rated by ten seconds of darlmess. This result is obtained by means of two screens, smromidmg the 
flame, which suddenlv cover and again uncover the flame, the necessary motion being obtained from 
clockwork placed in the pedestal supporting the optical apparatus. This light is highly charaeteriatic^ 
as there is a long period of light suadenly followed hj^ to&l darkness, without the waxmg and waning 
of the revolving apparatus ; but there is this objection, that no use is made of the light genemtod 
during Uie periods of darkness, so that ^ of the total quantity of oil burnt produces no useful eftedL 

Oscillating vertical screens have been successfully applied in France, the first application being 
at the Pointe de Grave Lighthouse, in 1865. H. Lepaute exhibited at Paris, in 1867, a third 
order, arranged to illuminate 72° of the horizon, with oscillating vertical screens darkening at 
regular intervals 18° and 25° respectively on each side of the apparatus. The mechanical arrange- 
ments were admirable, but no attempt was made to utiUze the remaining 288° of light. 

The revolving light, however, admits of a greater number of variations, as the flashes may vary 
from one every two minutes, to one every four seconds. Longer intervals have been adopted but 
they, as well as the two-minute fiashes, are not liked by mariners, on account of the difficulty of 
identifying the light, and the length of time they are Idt in the dark. Combinations of fixed and 
revolving panels are adopted to produce further variety. Colour is applicable to both fixed and 
revolving ughts, but only red, green, and blue are admissible, the former alone being suitable for 
sea-lighte, as the two latter have too limited a range. The amount of light absorbed by the colour- 
ing media varies from 55 to 90 per cent., depending upon the colour itself and the depth of tint 
employed. Bed ia a valuable colour, as it is difficult to mistake it for any other, and for eqaal 
intensities it has the longest range. Even in a fog when white lights are reddened, there will 
seldom be much to fear, as the mariner is well aware of the fact, and expects to fina the white 
lights reddish, and the red ones rather deeper in tint The red shades and chimneys nsed in 
France are of what is called pink ruby, which absorbs about 57 per cent of light, whilst the nxby 
nsed in this country is called red ruby, giving a deeper tint than the French, but absorbing nearly 
75 per cent of light. Green and blue are only adniiasible for shOTt ranges, as even in fine weather 
they cannot be seen fiftr, and the least fog obscures them, more particularly the blue. 

it will thus be perceived that, in fixed lights, there are two useful colours, white and red, by 
which distinction may be obtained, and these are sometimes employed in the same apparatus to 
mark particular arcs. Further distinction can be produced by rendering the light intermittenl 
In revolving lights the same colours are applicable, the flashes may be all white, all red, or com- 
binations oif both. Many ingenious arrangements have been carried out in France, for rendering 
the white and red flashes of equal intensity in the same apparatus, such as proportioning the 
number of degrees condensed into each beam, and adopting dlnerent focal lenirths. 
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Id an-Ii^hti, on MMxrant of theii liie Mid weiglit, it is neeeasuy to divide the teiUM into 
BBTcral portHau. Tlie Motion of the appaitstaa, oonalitiog ot lower priams, leniet, snd upper 
prinn*, gJTM k oonTenlant divition into three tiers, eeoh of vbloh ia iabdiTided Into pMieli of a 
ooDTenieDt «ize. In b Fint Order fixed light the oiioamferenoD is divided into eight pwiela of 45° 
each, which ue nude of gun-metal ncke, or lide pieoea, fonned to receive the len»ea ud piiMUL 
Uiaae cide pieoea being conneoted together with gnn-metkl a^pnentB of rings >t the lop aod bottom, 

Fi^ 6066, 5067, give ui elevation and nation t£ one Mgrnent of a Fint Order fixed light 
Thii u the arrangement in Reneial use, all the joinla of the pan^ being vertioallv over eaoh (£eT, 

Fig. 6068 i* a general elevation of an arraneenient witn iDOliii- ' ' 
priim paneli are w placed ttuU their jointa do not at 
primn panel a 



illyoverea 

it with iDOlioed lens-paneli, and Um upper 
* — a verticallT over thooe of the lower 





Doaition, when it 1« nennlT fixed by a aet Mrew. An ornamental 

When inolined panel* are wed tbr the lenaM,theatandardi/u 
■ ^ dire 



aloonv e U emptojed to leodve the lower uinn panela A avrriiig 
n theiT top the oonneoting ring «, on which are erected the itan- 
danb /, one of wbieh li planed benlnd eaeh Junction of the lena panel*. 
' " ' renied tbrthe lenaM,theatandardi/arealM> 



which are conneoted b 



top and lM>ttom framing of the lena panela, and aeenred by meant of nrewa to the ringi * and g. 
The lens panels are nuide one mlUimHre ahorter tbui the distance between Uie ontude of the 
oonneoting rings ■ and g. In order that no weight mar ttat upon them tma the npper enpola, an 
arraDgemeot which i* of great oonvenlenoa during constrnctioD, at it enable* the lensea to be t^en 
^'— '- ' — *" ""~aie*et, and to be out of danger whilst the oanolaof npper prisms is being 
e also it aflind* gieater Mtft^ to the lenaea, be«aa*e in a storm the whde 
I Bubjeot to ooDsi&rable vibration, and in the ea*e of a lena getting broken, 
„ t can Im taken down aod sent tor repair without interfering with the rest of 
the apparatus. &i some eases a spare lao* panel ia ■applied. In a few instances the ^per prlun 
panels have tieen made to reat directly on toe len* panels. The dotted line* in Pig. 6067 ihow the 
position of a Fitat Order lamp and btiinar. ■ 

Fig. 9071 I* an elevation, and Fig. 9070 a hraiiontal section thtoogh the focal plane of a Fliat 
Order appatatna, where the upper and lower priam* are fixed, and monuted as baton explained, 
bnt theleusast areannnlar, anamonntedcoabamework of wrought Iron 1; this revolve* oaUde 
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the fizied portion, anu is bolted to the casting m, which receiyes a rotatory movemeat firom the 
clockwork contained in the case n, by means of the pinion o, and wheel p, screwed on tiie outer 
edge of the casting nK The central column, which is fixed, carries the service table, optical appa- 
ratus and lamp, and has a projecting monlding upon it about half-way up, which is turned <m ita* 
upper surface, and fitted with a steel ring q, forming the roller jpath K>r the friotion-rollera r. 
These rollers revolve round the central column, and are retained m their places by a connecting: 
rinff and guide-rollers, working round the central column on a turned path. There are se^xaal 
moaiflcations of this apparatus m use, as sometimes only a fixed light is shown in tiie lower prisms. 
and the upper prism panels are employed to intensify the fiash from the lenses. The number of 
sides and the rate of revolution are also varied to produce distinction. The arrangement of tlie 
clockwork placed at the side of the central column, as shown in this figure, is essentially French ; 
ample strength and solidity are obtained when only the lenses revolve, as the weight is inoonaida- 
able. ^e cost of this arrangement is less than of that shown in Fig. 5072, where a large square 
pedestal contains the clockwork. 

Fig. 5072 is an elevation, and Fig. 5073 a horizontal section through the focal plane of an 
eight-sided revolving light, collecting the whole light into eight beams of parallel rays. The 
usual speed of this apparatus ia one revolution in eight minutes, so as to produce one flash a minute^ 
but flashes at intervals of eight and ten seconds have been produced from a similar apparatus, by 
a slight change in the gearing of the clockwork, s is the pedestal with glazed doors, on the four 
sides, opening to give access to the clockwork. A small column is bolted to the top of this 
pedestal, which supports the fixed table t, carrying the lamps, and forms a guide for the revolving 
portions of the framework. « « are the friction-rollers, working between the steel rings y, and 
secured to a connecting ring, carrying guide-rollers, which work round the central colnmn. As fliis 
is the part where the greatoit wear occurs, care in detail is necessary. Steel rings and rollers edged 
with steel, all of the best quality, are fitted with the greatest accuracy, so that an equal amount of 
work may be done by each roller. Washers of various thicknesses are provided, to allow the course 
of the rollers to be varied over the roller paths, so as to distribute the wear, and prevent de^ 
grooving. With every precaution there is considerable wear, and it is advisable to construct all the 
rings in halves, an arrangement which renders their renewal possible without taking down 
the whole apparatus. Brass rollers have been tried with a view to their receiving nearly aU 
the wear, ana thus save the steel rings, but they had this disadvantage, that they wore away ao 
rapidly under the heavy pressure that in a few weeks they had large fiat edges, requiring much 
power to grind them round, and producing an irregular motion which soon resulted in ihmr 
total destniction. Oonical rollers have been tried, but they are not much liked, as from the out- 
ward thrust there is a difficulty in keeping the rollers up to their work, and there Ib a large amount 
of friction against the ring holding them in. It should be remembered, however, that all these 
trials were made with roller paths of under 2 ft. diameter, and with the same diameter of rollere as 
are now generally used, that is, about 5 in. A more favourable result would be obtained from 
oonical rollers with the large diameter of roller paths now used, reducin|^ the outward thrust, and 
enabling twelve or more rollers to be used to carry the same total weight which formerly was 
carried By only six. Oonical rollers are now being used by Chance, of Birmingham, v is a carriage 
revolving round the central column, upon the friction-rollers u u, and receiving its motion from the 
clockwork, by means of a pinion gearing into the internal gun-metal wheel w screwed to the revcdv- 
ing table v'. The two castings v and v arQ bolted to each other. On the top of the casting o' are 
bolted eight wrought-iron standards, which carry the whole of the optical apparatus, fitted together 
in panels as before explained. At the top are guide-rollers x^ fastened to the upper connecting 
ring, and working round a turned roller-path, supported by a X-iron framing attached to 
the lantern. 

Fig. 5075 shows an elevation, and Fig. 5074 a horizontal section through the focal plane of a 
First Order apparatus, commonly called a fixed light varied by short eclipses, a title which 
certainly does not state the actual effect, namely, that of a fixed light followed by an eclipae, a 
fiash, and an eclipse, the same phases being continually repeated. The apparatus consists of 
four sides, of 45^ each, constructed as for a reg^ular eight-sided revolving light : four complete 
segments, of 45° each, of a fixed light, as in Figs. 5067, 5068, are fitted in between them, and 
the whole is mounted on a revolving carriage working on a fixed pedestal, as already explained. 
If the apparatus revolve once in eight minutes, there will be one minute of fixed liglit, twenty-six 
seconds of eclipse or darkness, eight seconds of fiash, and twenty-six seconds of eclipse, followed 
by a repetition of the same. In many of these revolving lights it is customary to leave out one of 
the lower prism panels, so as to afford access to the lamp, but in some oases a hinged panel is used, 
and in others sufiScient height is given to pass underneath, as in Fig. 5076. In fixed lights illu- 
minating the whole horizon, access can be had through a man-hole in the service table. Bevolving 
lights are made of eight, twelve, sixteen, and twenty-four sides, to enable the intervals between 
and the intensities of the fiashes to be regulated. 

In Second Order fixed lights, the panels are made of 60° each, and revolving lights have eight, 
twelve, and twenty sides. 

In Third Order fixed lights, the panels are made of 72° each, and revolving lights have eight, 
twelve, and sixteen sides. The number of sides may of course vary from those given, and it will 
be for the engineer to determine the number suitable for the requirements of the lighthouse about 
to be erected. 

The method of framing Second and Third Order lights, both fixed and revolving, is similar to 
that adopted for First Order lights. 

Harbour lights, from their small size, are generally fitted together in one piece. Figs. 5077, 5073, 
give a sectional elevation and sectional plan through the focal plane of a Fourth Order fixed light 
illuminating three-fourths of the horizon, the remaining one-fourth having a silver-plated reflector. 
The lamp shown is a moderator, placed upon an adjustable stand for regulating the position of the 
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kmnganent of plsoing the clockwork at the aide. Bud of hkring a muJl oolomn to ob-ttj the 
ftppuatnB, ii ia tome caaea oonTenient, in othen iiece«aij, <m aoooimt oT the nnoll liie of macj 
faarbooj lanterBa. 

The eonBtraction of panels for the old lighta «u more oomplimted thut the preaent method, u 
there was a regular framework or artaatnre of wrought iion, between which the paoela were fitted. 
Thia Cnmewoik oaQsed gnat kiaa of light, boia the joint* amnetJoiea hiring a thiekneM of I| in. 
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or 2 in. The distanoeB from the wroiight-iron Btandante to the indented edges of the panels 
filled in ^th gun-metal, and in the English apparatus no chipping pieces were used, so that the 
weight of snin-metal, and the cost of fitting, were much greater than in the modem method. 
D. M. Henderson adyocates a reduction in the thickness of the sides of the panels, to eoonomiaa 
light and gun-metal, and to enable all, or nearly all, the framework to be arranged by machineEry 
in place of by hand. The indented or serrated racks were troublesome to fit, owing to the lai^ 
extent of edges requiring to be accurately made to correspond. By the method now adopted, and 
shown in the First Order apparatus, mncn fitting has been sayed, and, by casting the side radta 
recessed, with only a chipping fillet run round the edges, an economy of metal results, and increased 
rigidity is obtained in the panels. Lining plates of gUdiug metal about ^ in. thick are used to 
finish off the ends of each panel, and hold in the prisms ; at the same time they coyer all the 
recesses, giving the same appearance as if the racks were solid. The intermediate racks cannot be 
recessed, as there is no coyering plate, but the thickness is only about | in., and they weigh less 
than the former thick indented ones. If desired, there is no reason why these latter should not be 
cast indented as before. The racks are planed on both sides; the outer edges are filed, and the 
apertures for the prisms, when the castings are accurate, only require cleaning up. The upper and 
lower connecting rings are turned in one piece, or in segments fitted together. To make a paa^ 
two racks or side frames are butted against the upper and lower segments of rings, and after a 
couple of wrought-iron screws haye been put into each joint, the whole is soldered together, and, 
in the panels which haye an intermediate rack, it is afterwards added in a similar manner. Alter 
the panels are made, they are erected upon a table, haying its upper surface turned and placed 
perfectly leyel, with a round centre rod accurately fitted in a socket, so that its centre oorreqpoDda 
with the yertioal aus of the apparatus to be erected. By means of gauges, witii semicircular ends 
fitting round this centre bar, and resting on adjustable collars, the panels are fitted in their placea, 
and the holes marked out for the screws to hola the whole together. By the use of templates, and 
the accurate machine-work now applied to all the meeting surfaces, panels can be made &ter- 
changeable, which was impossible in the old arrangement of armatures produced by hand. The 
amount of clearance roxmd each prism is \ in., to aUow for adjustment in setting the prisms, and 
for the putty used to secure the glass. 

When the fitting is fini^ed, the panels are taken to the erecting shed, where they are erected 
on their pedestals, or on what is more oonyenient, a reyoWing table, specially constructed so that 
each panel, or part of a panel, can be brought in succession opposite the erecting post. An arrange- 
ment of erecting table is shown in Fig. 5081, where a is a ribbed cast-iron bed-plate, with a turned 
pathway 6 on its outer edge for the friction-rollers c, and another turned 
pathway on its vertical central shaft, to form a pathway for the guide- ^^* 

rollers d. The top table g has a similar roller path e, and guide-rollers / 
on its under side, and the top is turned and pierced with holes to enable 
the yarious sizes of apparatus to be secured to it. A wrought-iron 
plate h coyers the central aperture, leading into a pit prepared for the 
reception of the driving weights of a rotatory maonine, or mechanical 
lamp. As the operation of setting the glass produces much ddbris, from 
the plaster of Paris and putty used in fixine the prisms, the erecting table should be designed to 
protect the friction and guide rollers as much as possible from the dust. Apertures are provided in 
the bed-plate to afford access to the guide-rollers, and enable the whole of the interior to be cleaned 
without lifting the upper table. The inclined roller paths do not accumulate dirt, and do not require 
oiling. The prisms are passed into their places, one end covering plate of the panel to be set being 
removed, and wooden wedges are used to supp^t the glass, and enaole it to be accurately adjusted in 
its position by means of mtemal observation. When the prisms are adjusted, plaster of Paris is applied 
at all the comers to retain them in their oonect position, and when it is fairly set the wedges are 
removed, and the remaining spaces filled in with best red-lead putty. In the lens panels, as glass 
butts upon glass with only a tnin film of cement intervening, there is no means of adjustment each 
as exists in the case of the prisms. The only method is to build up each lens PjUicL beginning at 
the bottom, and to make each ring correct before another ring is superposed. This lattor &0t nas^ 
up to the present time, prevented any attempt being made to readjm^ the lens panels in those lights 
whose upper and lower prisms have been readiusted. as this could only be done at the manufactory. 
The readjustment of defective lights is a point of importance, for by a small outlay, for a Ffrst 
Order apparatus, a great improvement has been effecteo, and a good result obtained from the upper 
and lower prism puiels, which frequently threw all the light falling on them where it was impos- 
sible to be seen. The effect of the lens panels in many lighthouses can be, and has been, improyed 
by placing all the centres in one level plane, with the inner surfaces verticid, imd then putting the 
burner in its most advantageous position, in the centre of the whole combination. 

The arrangement of panels generally adopted is that of placing one pandl oyer the other, so that 
the joints come yertioally over cash other ; and it has in its favour — simplicity, a minimum loss of 
light, a minimum cost, and strong convenient-shaped panels. These advantages have been con- 
sidered of snch importance that in France the above method is still adhered to, and aU the lanterns 
are constructed with vertical standards placed in front of the obscuration caosed by the sides of the 
panels. Figs. 5082, 5083, represent in elevation and plan this arrangement, which has the disad- 
yantage of causing as many points, or rather smaU arcs, on the sea, as there are standards in the 
lantern, to be illuminated with a considerably weaker light. In front of each standard of a First 
Order lantern the light is weakened from 30 to 57 per cent., according to the thickness of standard 
employed, and there will be sixteen points on the horizon, when it is all illuminated, receiving this 
weakened light. In harbour lights the obscuration is frequently greater, on account of the small 
diameter of the flame, and the uiickness of the standards. Alan Stevenaonj aware of this defect, 
was the first to introduce inclined lens panels, with a view to equalize the distribution of light on 
the sea, but he was well aware, no doubt, that there would Uius oe a diminution of light 
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Beronl Uefathonie ftnthotitiM *dopled » luitoni with iDoUnud gUndwda, thinking to obtiste the 
dUBaoltr eonneottid with Teitic^ stkndMds, bnt no «ll«aBti(n wm made in the oonnraotion ot the 
optical appamtna. Figs. SOM, 5089, TeprawDt, in elsTatuni, the effeat of en Inalined etendnrd projected 
npon the sppanttoB, uid in plftn the actual position ii giren. The hwiiontel diTergeDC& reenlting 
from the eixe oT the bniuer, nia^ be taken at ff', and the atandikrd ia inclined ovei an angle of 7}° & 

C' 1, 10 th»t when an obaerrei ia placed in tiaut of the ataudaid, it nearly etopi off the ligbt from 
thtongbovt ita entin height, oommenoing on one edge of the flame and flniahing on the other, 
thna otietracting mneh light which had aaoceaBfnllj paaaed thronKh the apparatna. The defeela <H 
thtm^r*t«ni ue appaieot, aa more Ught ia stopped withont there being any greater nnifcvmity, and 
a more ooatly and nnaightly lantam ia obtaiiied. The Frenoh engineer! haTe alwaya seen and 
avoided thia ei 



5087, where the absded portiona repieaent the Enming of the optical apparatna, and the thick black 
lines the lantern framine. The fiaming of the apparatna atopa 4'5 per oent. of the anrfaee of the 
appatatoa, and the framing of the lantern 6 ' 8 per cent of the surface of the lantern glazing, and as 
the two obetmotions do nc£ coincide, the total loaa becomes very «ertous. These lantwnaare eipen- 
•iv&bom theamonnt of workmanahlpof aoostly olaas, and firom the quantity otglasa cat to waata. 

To obvfaite the obiectiona of 
the previona metboda, D. M. 
Henoerson designed the follow- 
ing '" 



T 



The flnt eonaideratitni ta the 
optical apparatna, and it ia ap- 
parent that a miuimnm amoant 
of lixht is atopped by vertical 
panelB, and that it u poeaible to 
divide the ptevioua large ob- 
Bcoratione into a greater number 
of smaller ones i thus equalising 
tbeligbtwithontintheslighteet ~ 
degree increaaing the total ob- 
soniation. By exoentering or . 
placing the varions tiers of 
panels ao that their Jointa do 
not oome vertieally over each 
ottier, each prevloaa obsonra- < 
tion ia divided into three; the 
amonnt of exoentering neoes- 
sary depends npon the aiie of 
the flame, but it ahculd be such 
oa to enable one obscuration to 
be completely passed before 
entering npon another. lu the . 
First Order, for example, each J. 
panel anbtends an angle of 45°; ^9* 
and, as there la an intermediate j 
rtok in the prism panels, there : 
la an are of 22|° between each ! 
obeoonUioii. Each large ob- 
•ooratlon can be divided into 
three imaU onea, which, if 
[daeed at Interrala of 7}°, wiU 
never allow more than one 

obacoration to be vifible at a time, aa the divergence of the Some is under 6°. 
difflcnltiea or extra cost ore involved in thia arrangement 

The next consideration is the lantern, which, when arranged with ezcentered panels, ia 
rendered less rigid, owing to the weight not being tninamitted oontinnoualy downwards as ia the 
oase with vertical atandorda. This want of rigidly would be objectionable for a light iUatoinating 
the whole horiKm, but in those illuminating from 180' to 270°, which are by far the most common, 
the objection might be easily overoome, oa the dark arc oonld be flUed in with solid iron platea, by 
which gnat rigidity would be obt<4ned. When the frames ore riveted t<^ther and the J-in. 




practical 



entered, and to render the framing perfectly rigid, in fact more ao than with 

la bara of the old lantema. This latter arrangement is peculiarly adapted for 

the Knplojmeut of inalined len* panels. The resnlt ia shown in F^ S088, 5089, where the ahaded 



'ertieaforaidn 



inF&».*__. . , 

le thi^ black Unee the framing of the 

...0 sets of framing, oa when a lantem 

ie panels in the apparatna it will atop a little light, aa 
the diameter of the Qame la greater than the thicknesa of the joiula of the panels. Thia will not 



portiona represent the framing of the <:i>tical apparatus and the thick black lines the framing of tt 
lantem. Much light is sav^ by the eoiocidence of the two seta of framing, oa when a lantei 
standard ia placed In front of a junction of the p«""'" '"" '"" " ~"' '' •;..!- i;-i.. . 



happen in the case of the electric light placed inside a Luge apparatna 

The sole objeet of a lanlem is to endoM an optical apparatus, and nrovent its being damaged 
bj wind, water, or blida, ao that the maintenance of a perfectly atead; and high flame may be 
enaored. The lantern abonld be designed to auit the apparatus, care being taken to get the 
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naceuary Etiength with the leaat peerible obMnration of lighi, niid Its size should be radi m i 
aflbrd ample epaix for the light-keeper to attend to hia dntiee, at the game time avoidiiiR too grea 
size OS B useless waste of money, whioh would be mooh bettat spent In eetabJUiiiig oth^Qshthonae 
in looalitios destitute of them. 
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The lantern proper oonsUts of the 
fauning for the glass, the plate giBSs, 
a sole plate, an Tnner servioe galleiy, 
with the oeoeesary brackets to sappcrt 
it, steps to lead from the light-toom 
floor to the eeriice gallery, and the 
oDpoU oomplete witli the oowl. In the 
caaa of alone or briok towers the ligbt- 
iDom is frequenUy built of the same 
materials ; but sometimes io stoue, and 
always in iron towers it is oonstmcted 
of wrought or cast iron. Fig. 5090 
represeuts a aeotiooal eleratiou, and 
Fig. 9091 ft half aeoUoiial plan through 
the glasii^g, and « half aeDUonaJ plan 
throngb the li^ht-ioom, of a First Older 
lantern with inelined standarda. The 
light-mom Is composed of sixteen cast- 
IraD plaUe, dght large ones a, subtend- 



tc^ether to form a aironlar chamber of 
12 ft 2 In. Internal diameter, and an 
irr^pilar polygon oataide about 13 fL 
acroea the comera. Tbeee ligbt-roonu 
are frequently lined with mfthogany, 
pine, or oormgated iron : a wood lining 
o ia abowD in Figs. 5090, 5091, 1 In. 
thick, rednoing the intenul diameter 
to 12 ft. Eight ventilatora. one ui each 
■mall nde, are ^neially employed, the 
construction l)eing sueb as to prevent 
water entering, and with gun-metal hit 
and misa Talrea the supply ol air oan be 
related at wilL The servioe gallery I 
o is oT open csat-iron platee carried on ] 
bmcketa d, bolted in between the flanges 
of the bloofeing, and steps t, provided 
with a hand-rojl, lead from the light- 
mom floor to this gallery. A sole plate 
/ isHtted on the top of the blocking, 
forming at the same time an outer giJ- 
lerj for the Ught-keeper to aland upon 
whilst cleaning the outside of the glass. 
The standards g are sixteen in number, 
alternately inclined in oppodto direc- 
tions, so that the large side at the bottom 
becomes the snail aide at the top, and 
the reveroe; they are made of wronght 
iron, having feet passing down between 
the flanges of the blocking plutcs, to 
which they arc aeoured by a couple of 
holla for each foot. Two eels of hori- 
zontal gun-metal aatragoU A divide the 
lantern into tiers corresponding with 
the difisiona of the optical apparalos. 
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strengthea the fatming. aad awlit id securing the plate gloss. The standard! are united at tLa top 
' to ft wtonglit-iron oonneoting ring, to vbioh are attsched the rafters j, abont 1} in. square, covered 
inwilhanoutenooflngof coppei 3 lbs. to tbe aqnare foot, nod bd inner rooQag 1} lb. Ia Uie sauare 
font. Tbto ioDer roofing is sometimes of zioo or galvaoized sheet iron. The cowl t la a reTolTioK 
one of (heet copper, mouoted on a spindle trorkinji: in an oil cup at tlje bottom of the neck, sod 
VBdemealh Is placed a hollo* dish to prevent any drapa or water that might aocumulate inside the 
cowl ftam falling on the appuatiu. A ventilating tube of oopper m condaotA all the products of 
eombnstion dinot ioto the cowl, where tbey p«8s out by a number of 1-in. holes, which are always 
tuned bom the wind by the vane on the oowl-spindle. The gutter n is of sheet copper, provided 
with a stiffening win at its upper edge, and gun-metal joint-covers. A copper ladder rod is fixed 
*a the under side of the gutter, and mside the lantern a similar rod or hools are provided for the 



'0 tiers ot handlea facilitate its cleaning. Bain-water pipes, filtt 
of the standards, oonvef the water from the gutter to the foot of the laulem. Figs. SI 
details of a standard g, showing the connection 
with the aatnwals A, and how the glass p is •*•*■ 
nonred. A facing strip of gnn-metal > is 
■orawed to the standard, so that the gla» rests 
in a gnn-metal groove, and all t&e screws 
■ecnring the stripe which hold in the gloss are 
screwed into gnn-metal, and are eoosequently i 
easily lemoved in case of a pane being hn^en. 
Fig. 50M ahows a detail of Uw lover gnn- 
metal sill a, resting on the nle-plate /, which 
Is bolted to the top of the blocking a. The 
mahogon; lining g is seemed to pine poekiug 

Eleees r, wedged in between the flange* of the 
looking. This lantern Is ohjectionaUe, on aeoonnt of the too small Inclination of the standard* 
and their non-coinoideuoe wlln the joints of the optiisl wpaxatus. The large fiat sides are ugly, 
and those of the blooklag an easily broken, on aeoiinnt ofUie small depth of Qonge attheoentreof 
the plate oompoted with that at the aides. Theoust is increased bv the moredifflonlt workmanship, 
by moie glass being cut to waste than with vertical standards, and from the foot that six diflTerent 
BUS* of pane* are used in place of three. 

The Ereuoh adhere to one form of lantern for all appMotoa burning oil ; a description of which 
may be ot intareet, to enable a oompariaon to Im made wiUi the lantern previously described. The 
example selected is the First Order lantern. Fig. 5076, designed for the Roches Uonvrps. about hnlf- 
way between the Islands of Gnemsey and Bidut. The lantern standards are vertical, sixteen in 
number, and extend in one pieoe from the eomioe to the bottom of the ligbt-room, which is formed 
of wTouKht-iron eoverins plates screwed to the Btandardaand to the framingconnectinK them. The 
atandards are fbeed with guu-melal, and have gun-metal astragals, upper and lower BiUe to receive 
the plate gbsa, and ventUators fitted all the vray round in the lower sill. The under portion of 
the oonioe (onus the gutter, which condnote the rain-water to a lion's head placed over each 
■landaid ; while the npper portion is of open work, which improves its appearance, and hides the 
little ventilating boxes placed in the gutter. The cowl is fixed, and is provided with a movable 
vane to indicate the direction of the wind. The roof and all the parts exposed to tlie sea above the 
light-room are of gun-metal or copper. The roof is supported on a regular framework of iron, 
which also carries the steadying oylinder for the optical apparatus. The apparatus has twenty- 
four sidea, and makes one entire revolntion in 1 minnte 86 seconds, so B* to give a flash every four 
seoond*. This great speed neoentated a special oonstruetion of ehMkwork, which was luccessfnlly 
oocomplished by Henry Lepaute, who construoted the whole appomtas and Isntem. The totij 
weiglit ot the revolving portion is 2 Ions, and the driving weight 121 lbs., falling 66 fL in six hour*. 
The regulator is the centrifugal one invented by Freinel, and afterwards improved by Lepaute. 
The section of gloM oousiBtB of nineteen upper prisms, a central lens, with eight lens rings both 
above and below, and eight loww prisma. A meohanical lamp homing oolia oil is used, and the 
IntMiisity of the flash laeetimated at S479 beoa cucelo. The whole of the armature was oonetmcted 
with the least possible weight, to mta the friction -roUeis. and sufficient height was given to enter 
the apparatus without omitting, or snapending on hlago, any of the lower panels. 

Figs. G099 to A098 an an elevation and plan through the gits*, and ahalf sectional plan throngh 
the blooking, of an arrangement of laulem designed by D. U. Hcndeieon to remedy the defects of 
pievioui laatero*. 

The apparatus. Fig. 5068. is arranged for the most uniform distribution of light practicable ; 
and the lantern here described is capable of being put ronnd that apporatns with only a small 
obstruction of lighL The blooking la cirenlor, ot oast iron, but it may be ot wrouRht iron, with 

T cleaning 

^__^ u—^. .=«.-. ...«u™ .u —1. . - il join IS, 

and form a level snr&ce on which reet the triangular frames of the middle tier, again forming a 
level surface for the upper tier of quadrilateral tmnem. A cast-iron gutter is shown, as it can be 
easily connected with the framing, rafters, and roofing pUtee, thus doing away with a eonsiderable 
amnunt of work. 

Fig. 5097, a detailed section of the framing, and manner of secnring the plate glass by gun- 
metal capping. 

Fig. 5098 shows In detail the connection between the frunhig, gutter, rafters, and roofing 
plates. There U a much Iw^ei oirxpaoe than onial, and the rafters have apertnrea in them to 



obstruction ot lighL The blooking ia cirenlor, ot oast iron, but it may ue ot wtourm iron, wi 
wooden or corrugated galvanized iron lining ; and sixteen ventilator* are employed, one in ea 
segment An inner service gallery ia carried on hrocketa, and a sole-plale with outer clean! 
path, neta on the blocking. It is preferred to moke the fremiog of forged iron or steel, but it ra 
be of coat iron. The quadri lateral frames in the lower tier are fitted together with vertiMl join 
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enable the air to oiroulate fi:eely. Giroular glazing is preferable to flat, on aooount of its greater 
strength, and as being better calculated to resist the action of the wind ; besides the rays of light 
pass normally through it. 

Fi^. 5099 is of the lirst oatadioptrio mirror ever made, and which was used by the Stevensons 
in conjunction with a Sixth Order holophote, to condense the whole of the light from an argaud 
burner into a beam of parallel rays. The internal radius was 12^ in., and the thickness of the 
joints was ^ in. Sufficient space was left at the top and bottom for the passage of the damper 
tube and burner of. the lamp. In thid case the mirror was constructed of flint glass, whilst crown 
glass was used in the construction of the holophote. The employment 'of flint glass was costly, as 
it had to be specially made, and great accuracy was necessary in jointing the various pieces 
together. 

Thos. Stevenson originally designed these mirrors with the zones generated round the horizon- 
tal axis ; but in this instrument James Chance introduced for the flrst time the plan of forming the 
zones round the vertical axis, being that of the flame. The advantages of tnis latter plan are 
important optically, in addition to facilitating the construction of the zones themselves, and 
enabling the mirror to be easily limited both vertically and horizontally. 

In Chance's mirror the zones are separated and divided into segments like the ordinary 
reflecting zones of a dioptric light ; thus the radius of the minor is considerably increased, and 
it is applicable to the lai^est sea-light, without overstepping the limits of the angular breadths of 
the zones, and without being compelled to resort to glass of high refractive power. 

The separation of the zones also renders it feasible to avoid giving to the aggregate structure a 
sphertoal shape, which encroaches most inconveniently upon the spuoe required far the service of 
the lamp. 

In determining the sizes of the mirrora the chief consideration was to arrange as few sizes as 
possible, in order to diminish the cost by the small stock of glass, moulds, and gauges that would 
DO required, and to enable them to be used in revolving as well as in fixed lights. 

Fig. 5100 shows a sectional elevation of a First Order mirror placed inside a revolving light of the 
same order. The internal radius is *75 m^tre, and the pcoiels are ordinarily constructed of 45^ in 
plan, so as to correspond with those of the apparatus. This size is equally applicable for both fixed 
and revolving lights. 

Fig. 5101 is a sectional elevation of 90°, and Fig. 5102 a plan of one panel of 60^ of a mirror of 
*6 m^toe radius, which is applicable to Second Order fixed and revolving lights, and to Third Order 
fixed lights. The construction of these panels is similar to that already described for the prisms, 
and in general they are secured to cast-iron brackets, which are bolted to the service table of the 
apparatus, as shown in Fig. 5100. 

The lamps employed are of great variety, but all have the same object, to give a regular and 
abundant supply of oil to the burner. 

In the sea-lights the following sizes of burners are generally adopted ; — 



Order of 



1 
2 
3 



Nomberof 
Wickfl. 



4 
8 
2 



Dtameterof 
BnnMT in Indies. 



2* 



Intensltj In 
bees carcels. 



OoDsampU<» 
anhoormlbi. 



23 

15 

5 



1-677 

1103 

-386 



In the Fourth Order, a two-wicked burner, about 1^ in. diameter, is used ; but in the Fifth and 
Sixth Orders, single-wicked burners are generally employed, consuming from 0-17 lb. to 0-1 lb. an 
hour. The French have recently constructed a moderator lamp with two wicks, for the Fiftli Order, 
which has considorably increased the intensity of light. 

In most of the Scotch lighthouses, there is a larger consumption of oil than is given in the above 
Table, and consequentlv a greater intensity of light is obtained. 

The three principal varieties of lamps now in use for sea-lights are the mechanical, the high 
reservoir, and the pressure. The mechanical are the most general, being adopted in Scotland, 
France, and manv other countries. The most perfect is that employed by the Stevensons, and 
manufactured by Milne of Edinburgh. A sketch of this lamp is given in Fig. 5100. The French 
mechanical lamps also give excellent results. The oil, in ooth cases, is forced over the burner 
by pumps, which are worked by clockwork placed underneath and driven by a weight 

The high reservoir lamps liave many varieties. One of the best is that designed by Captain 
Nisbet, of the Trinity House, and successfully applied to several English lighthousea In this 
lamp the body is of copper, halnmered to a vase shape, with plunger-pumps inside to force the oil 
up to the high reservoir, from whence it descends to the burner by gravity, a fountain arrangement 
being proviaed, so that the pressure is alwavs constant. The high reservoir is fixed to the 
armature in the non-illuminated arc, at such a neight as to give a head of 6 in. or 12 in. of oil. If 
a greater head is employed, the pressure necessitates the regulating valve being nearly closed, and 
thereby rendered more liable to be choked up by fiock from Uie wicks or other foreign matter. The 
feed-pipe passes down to the service table and under its surface to the centre of the apparatua. 
where it mounts through the lamp-body to the burner, and the supply-pipe for the high reservoir 
passes side by side with it Excellent provision is made for regulatmg the overflow by an indexed 
regulator worked by a thumb-ecrew, ana at the outer edge of the service table are placed cocks for 
drawing off all the oil. These lamps are costly, and are not applicable to revolving lights- or those 
illuminating aU tiie horizon, on aooount of the obstruction of light oansed by the high reservoir 
This is a defect common to all lamps of this dasa 
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Fig. 5103 is a tectiooftl elevation on line A D of a preaeure lamp, opoD Uanelin'B pnooiple. 




ami P[g. 5107, bottom oF ojliader and stand, 
lamp-fltand b, having upon iU upper ring 
three aorews c, for holding and regulating 
the poaitiOD nr the lamp. The aperturoa in 
tbe bottom flange of the lamp are large, so 
that room ia pcavidod for aocoratelj aJjnat- 
iug llie lamp in tbe oentrs of tbe apparatus. 
Tliebodfoftbelampd ia madeof aojiinder 
of sheet brass fitted into an upper snd lower 
caat-brase ring, the whole bein^ turned and 
bored previous to tinning tbe inalde. TJie 
boring of tbe lamp-ijajrrel ia essential, aa by 
that means, and tne taming of the piston <, 
so little room ia left between them that it is 
impossible for the cupped leather paokiog/ 
to turnover. Tbe piston is of oaat iron, and 
bas six guides g of leather, fitted edgewaja 
between cheeks, eo as to maintain the piBton 
in the centre. A valve A ia fltled in tbe 
centre, opening downwards, when tbe piston 
is raised, and faoilitating tbe peaaage of the 
oil to the under sidu of the piston. It at the 
same time prevents tbe aooumulatioii of air 
ander the piston, as the vatve only closes 
when tbe piston reaches the oiL A nne wire 
gauze is placed on this valve to exclude 
pierea of wick which might, through caro- 
lessneas, eoler the body of Iho lamp. The 
weights i are of cast iron, in dieca, eo that 
the weight can be varied at will ; and con- 
necting rods k, attached to the plate I at 1 
their bottom, and a ring m at their top. with 
a second set of oonnectine rods, apply the 
weight to the piston. Alt the^ oonneoting 
rods act as guide-rods, by beini; paaaeil 
tbrough hoica in tbe oylinder and cylinder 
cover. The weight is raised by a handle 
fitting loose on the horizontal epindle n, 

under tbe body of the lamp. Thia aptndle sin. 

carries two pinions gearing into tbe racks o, 

which are attached to the plate I, and work in guides cut In the Sange of the cylinder bottom. A 
tap p is provided for emptying the oil, and q is the feed-pipe, for conducting; the oil to tbe bnmeT, 
containing tbe valve r and regulator >. The (bed-pipe passes under the cylinder oovei and np the 
central oolumn t to the bnmer u. The overflow oil passes over the burner, and is collected in the 
cup at its bottom, and conducted by a pipe i to the strainer a, oompoaed of a fine plate of per- 
forated tin, with fine wire gauze underneath, ao that no flock or charred wick can enter the lamp 
cylinder. The valve r is cylindrical, with two apertures opposite eecb other, and when these 
are vertical the oil can pass to the burner, hut, by turning tbe cylinder slightly round, the pasaavv 
is closed, and the cylinder cover may be taken off — only tbe oil contained in the valve being epQt 
' — when tbe cross filter can be cleaned, or removed and replaced by another, the whole being 
easily readjusted in a couple of minutes. To prevent tbe tendency to draw down the oil from 
tbe burner during the winding up, a self-acting apherioal valve x, of some light material, is flaoed 
over the cylindrical one, so as to close whenever the piaton begins to be raised, and remain so till 
the piston ia released. The regulator i ocnBista of a conical point which enters the feed-pipe, 
the aiatance it enters being regulated by a fine-threaded screw, and facilitates the reginlatiaD of 
the overflow. An index ia placed so as to enable the light-keeper, by inspection, to know the 
poeition of the regulator. Safety fooutains are sometimee sent wit^ these lamps, so tbal in case e^ 
an accident to the main lamp tbey can bo filled with oil and set to work in a few minutes, by 
coapling their supply-pipe to the union joint y of the lamp. The burners are aorowed to the centr^ 
oolumn by the anion joint i, and tbey are further steadied by a bolder clipping the cnn of tha 
burner, which ia of brasa, aoourately turned. By nnacrewinz two screws the bornw can be detached 
and replaced by another always kept ready in tbe light-room. The bnmers are interohangeabla, 
and are all made to standard gangea, the concentric holders for the wicks being of sheet inn, 
brazed, and then tinned. Each wick baa two small feed-tubes, one on each side, so as to enmre 
an abundant supply of oil. The bottom of the burner ia movable, so that access can be bad to the 
interior, for the purpose of cleaning tbe Bnpply-tnbee. A chimney-holder of braas fits over tbe 
burner, and ita position ia regulab^ by meana of a couple of rai^ and pinions, to enable the 
light-keeper to place the shoulder of the chimney at tbe proper height, a point of great ii 
in the prudnction of a good fiame. The wicks are raised by amall racks and pinions Sttc 
wick-holder, and a number is oonspionoaalv placed on tbe tbnrob-screw of each, referring to Um 
Dumber of the wick. To prodnoe a good narae it ia necessary to have an overflow of from three 
to foor times the consomptlon and tbe grettteat care mast be taken to light up slowly, so >a not 
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to ohar the trlekn. Witb «ue a goal flame in&; be kept up for uTenteen or eighteen boura without 
trimming. For bubour lights, moderator or Tountain lumpa ore general! j naed. nod Bometlmes the 
retervoir is placed over Uie apparatus, A good orerflow, however, shonlU be main tain ad, as in the 
•ea-lights, otherwisa tlie tricks ohsr, and slier a few bours cease to give a good flame. A damper 
tube is placed over each ohimae;, and the ventUaling tube generally emplojrai in tbe one introduoed 
bj Faraday with suoli sicellent results. Tbe chimueys are of fliot gloss, about ^ in. thick, care- 
fully annealed, and it is important to give the correct fomi to the shoulder, so aa to ensure the 
production of a good flame, and to obstruct as little light as poaaible. 

Flgi. 5108, SI09. are aide and end elevations of a First Order alookwork, consisting of two traitu 
of wheels, one for driving the apparatus, and the other for driving a fij-wbeel with ailjiiElable vanea 




for regnlatiDg tbe speed. Thfi driving freights are suspended by a rop* woand round a barrel. 
Experience has proved that tbe wide barrel was objectionable, as tbe weight could not be passed 
directly doim a small central oolnmn ; the rope wore out rapidly, and freqtiently let the weiglits 
fall ; the method of driving the fly-wheel absorbed a huge amount of power, and eansed difficulty in 
keeping the apparatus at its oorreot speed. To obviate the first two of these objeotiiniB, Henderson 
lotMdnoed a oh^n worbng in a toothed pulley, enabling the woght to be pawed directly down a 
central oolumn. The chain was datable, and not affected by moisture like the rope. The pulleys 
•ad chains etnpl^red w«fe similar to tboee made for Weaton'a differential pulley blocks. ThU 
method ha* been used In many dookworka, bnt it roquiree great aocuncy in the size of the links of 



the chains, otherwise slight jars are produced when tbe links leave the pnllej. All the advantages 
or a chain might be gut from a wire rope with Fowler's olip-dmm. By employing an endless chaiu 
or wire rape, a amstant driving power is obtained, which is not tbe case with ati ordinary barrel 
arrangement. To obviate tbe third objection, reooorse was had to tbe French plan oF driving the 
fly-wheel, by means of a bevel-wheel gcttring into a small bevel lantern pinion on tbe fly-wheel 
shaft. There ia, however, no necessity for a fly-wheel, which is replaced in meet of the French 
clockworks by a self-scting governor ou the Fresnel or Foucaalt system. An indicating hand is 
arranged to make one revolatioQ an boor when tbe clockvrork is going at its proper speed, so as to 
admit of oomparieon with the light-keeper'* clock. A small anpplemenl»ry weijfbt was sometimea 
used to malntuiu th<; clookwork at ita correct speed during the winding-up, but the plan was not 
self-acting, and required space for the falling of the weight, 

Buoyi and Aimconi.— Floating beaoona may be divided into two classes, according to the service 
tia which they are deaigned ; — 

Beacon buoys, which are placed ia exposed rituations, to mark the pooition of funken rocks, 
taodbanks, wrecks, or similar matter* dangerous to navigation. 

Channel bnoys, which are used for defining the navigable channels of rivers. 

It is of essential importance that all buoys, but more especially those used for sea-marks, ihonld 
be conspioaoas In all states of tbe weather : and for this purpose. 

The supetBtructure should be erect, well raised above the surrounding water, and presenting a 
eouidetable breadth of surface, so as to be oonspLonoa* at a distance, Henoe stability it an 
e*MDtial qualitv. 

The tnoy should present a steady nbjMt to the view, and be as free as possible from rolling, 
and moM eapeeially from abrupt pitching, which not only tends to snap the mooring chain, bnt 
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alao prevents the aeaman from deciphering any name or characteristio mark which maj diafcingiiiah 
the buoy, and define its position on the chart. 

The earliest buoys were, probably, barrels or large casks, and jthis form is still retained in 
channel buoys. When the barrel buoy is made of iron, the ends, instead of being sqaare, are 
slightly rounded, so that the buoy resembles a woolpack rather than a cask. The barrel buoy is 
strong, and it is simple in construction, but from its low elevation above the surrounding water, it 
does not fulfil the most important requirement of a good sea-mark. 

The can-buoy was formerly a favourite shape ; it was at first always constructed of timber stayes 
like a cask, but latterly, also of iron plate. When a can-buoy has the name of the sandbank or 
rock which it marks painted upon it, it is necessary to ballast one side with a small cast-iron kecd, 
so as to ensure the name remaining uppermost. The can-buoy is not of a conspicuous form, nor 
does it possess any characteristic good quality which merits its being longer retained as a 
beacon. 

The next class of beacon buoys is characterized bv a lofty superstructure, of which the cone may 
be considerod the typical form, the body of the buoy being symmetrically disposed around a verticid 
axis. When the necessity for large floating beacons first arose, it may readuy be conceived that a 
boat with a cask, or other conspicuous mark fastened to the mast, suggested itself. Wooden spars, 
springing from the gunwale of the boat, meet together at an apex on the mast, and present the 
outline of a limpet shell. A globe and bell are attached to the mast This form of beacon is now 
being 8upersede<£ by others specially adapted for the purpose. 

Another form of boaoon, still sometimes used, consists of a spar, passing through a float, or 
raft of solid timber, called a deadman. The spar is moored near its lower end, so that it floats 
vertically, and a globe or barrel may be attached to its summit. 

Of beacons specially adapted for the purpose, the nun-buoy first claims attention. In its 
original form, it presented the appearance of two cones attached by their bases. The egg-bottomed 
buoy is an improved modification of the nun-buoy. Its superstructure, which is conical, like a 
church spire, is formed of sheet iron, riveted to a inalleable or cast-iron bottom of a hemispherical 
form. This buoy possesses some good qualities. It is simple in construction, and so long as the 
sea is calm, it is tolerably conspicuous, having a lofty, though narrow superstructure, well raised 
above the plane of flotation, and held in an upright position by the combined weight of the metal 
bottom ana the mooring chain. But in a tideway, or under thd influence of wind, it inclines over 
at a considerable angle from the perpendicular, and when the waves rise, it rolls and pities 
violently, so as to become an indifferent sea-mark. 

One great defect of the nun, or egg-bottomed buoy, is its want of rigidity, arising &om the 
shape of the bottom. This defect is remedied in the buoy represented in Fig. 5110, which is made 
of iron. It is very buoyant, and presents a far more conspicuous 
object than the barrel buoy, which it has superseded in the river 
Xiney. The bottom is either flat or slightly coned. Flat-bottomed 
buoys are, however, ill adapted for the open sea, as they are only 
slightly immersed, and are consec^uentlv easily boxed about by 
the waves, which make them roll violently in rough weather ; but 
this perhaps is of little consequence in the inner waters of a 
harbour. 

The qualities of stability and steadiness in connection with 
others of great importance, such as simplicity of construction 
and consequent cheapness of manufacture, are combined in 
B. B. Stoney's keel-bu(w, Fig. 5111. The superstructure may be 
of any of the ordinary forms, but the dome-shape is preferable as 
being the most conspicuous. It will be observed that the sides 
are prolonged below the bottom, so as to form a ciroular keel, 
within which a large body of water is retained, so that a buoy 
6 ft. in diameter, with a keel of 18 in., contains within the latter 
a body of water exceeding a ton in weight, or a mass of water of 
nearly the same weight as the buoy. A buoy 8 ft. in diameter, 
with a keel of 20 in., contains upwards of 2 tons of water 
within the keel. A few aiivholes are pierced in the keel, just 
underneath the bottom, for the purpose of letting the air escape 
on flrst floating the buoy. Thus, by a very simple arrangement, 
the floating mass is virtually doubled, or oven further increased, 
if desirable; and the buoy is consequently less liable to be 
tossed about like a cork on the waves. Again, the bolt of the 
mooring chain, where it passes through the mooring ring, divides 
the sunace exposed to lateral pressure into equal or nearly equal 
portions. Hence the keel-buoy floats erect in tideways or rivers, 
however rapid ; for equal pressure is exerted both above and below 
the centre of mooring. The keel also ^ves this buoy a much 
greater hold in the water than is the case with other l>uoys. A 
sudden blow of the wave is resisted, as has been shown, oy the 
inertia of the enclosed mass ; but it is also resisted by the re- 
action of the water against the outside of the keel, especially 
when the buoy receives a sudden blow above the plane of flotation, a frequent occurrence in a 
chopping sea. Hence the tendency to pitch is diminished. 

A buoy, 9 ft. in height not including the keel, and 6 ft. in diameter, projects 7 ft. 6 in. above 
the water ; and in general, a keel-buoy may have a superstructure 25 per cent, higher than that of 
other buoys of equal diameter, with the same configuration above water. A keel-buoy of the size 




6111. 







LIMES, MOBTABS, and CEMENT. 2279 

meniioned weighs 28) ewt, and will, however, even before the mooring chain is attached, support 
the weight of an ordixiary man on the summit with only a slight inclinaUon from the perpendicular. 

Works on this subject ^--Smeaton (J.), ' £ddystone Lighthouse/ fol. 1818. Stevenson (B.), ' Account 
of the Bell Bock Lighthouse,' royal iio, 1824. Stevenson (A.), * Account of the Skerry vore Light- 
house,' royal 4to, 1848. Stevenson ^A.), 'Constraotion and Blumination of Lighthousea,' 12mo, 
1850. * Report o.n Lights, Buoys, and Beacons,' 2 vols, folio, 1860. * Beports from the U. S. Govern- 
meut on Lighthouses,* 8vo, various years. Beynaud (L.), ' M^moire sur l'£clairHge et le Balisaga 
des Cotes die France,' 4to and folio, 1864. Stevenson (T.), * Lighthouse Illumination,' 8vo, 1871. 
See also numerous papers in the * Minutes of the Listitution of Cinl Engineers,' and in the ' Annri ffl 
des Fonts et Ghaussees.' 

LIMES, MOBTABS, Ain> OEMEKT. 

All calcareous cements have lime as their basis, mixed with various other materials in diflfiarent 
proportions, and lime is most usually found combined either with carbonic acid, in which state it 
forms a considerable portion of the earth's crust, or with sulphuric acid, when it is called gypsum. 

The cement formed of gypsum, termed plaster of Paris, has hitherto been seldom used in archi- 
tectursL except for ornamental purnoses, protected from the weather. 

Oariwnate of lime is found eitner pure, that is, consisting of 436 parts carbonic acid to 564 of 
limo ; or, mixed with alumina, silica, magnesia, or oxide of iron, in varying proportions. If a piece 
of carbonate of lime is calcined, the carbonic add will be drawn off in the process, and the cohesion 
of its particles will be so much lessened, that granular limestone, if very pure, will fall to powder in 
the kun wherein it is burnt. The lime after calcination becomes quite white, or light brown, what- 
ever was its former colour. In this state it has lost its affinity for carbonic acid, and is termed 
caustic or c^uick lime. 

Quiok-lime, on being mixed freely with its equivalent of water, slakes, that is, throws out great 
heat, swells, and assumes the form of a fine white powder. This is hydrate of lime, in which state 
the affinity for carbonic acid is restored ; but though at first it quickly absorbs carbonic acid from 
the air, the process gradually becomes slower, and it has never been found to have recovered its full 
equivalent. Lime, in reoombiuing with oarbonio acid, parts with the water it combined with in 
forming a hydrate. 

To form a cement with hvdrate of lime, it must be mixed with sufficient water to make a paste of 
the consistency required. After having been applied as a cement in this plastic form, in order that 
it may set or recover its original hardness when In the form of a carbonate, it would seem necessary 
only to suDJeot it to pressure, and in some cases give it access to the carbonic acid of tiie air. 

Lime is besides usually mixed with sand, gravel, or some such extraneous matter previous to 
use ; and their mixture, when formed into a paste with water, is termed mortar. 

The distinction between the mortars made of pure and those made of impure oarbonntes of lime 
consists in this, that. the former have in themselves no property which can produce setting without 
the presence of carbonic acid ; that is practically without exposure to the air. Mortars made from 
impure carbonates, on the other hand, contain within themselves to a greater or less degree this 
property of solidifying without the assistance of the atmosphere. From this property, which 
enaoles them to harden under water, they are called hydraulic limes or hydraulic cements. 

As pure lime mortar must combine with carbonic acid, that it nuty harden or set, and as in this 
combination it must part with the water contained in it, it follows that hydrate of pure lime in a 
state of paste, if kept moist, will remain for an indefinite period without absorption of carbonic acid, 
and consequently nt for use as a cement ; whilst if exposed to the dry air without pressure, the 
small quantitv of carbonic acid gas is gradually absorbed from the atmosphere ; but the lime 
assumes the form of powdered chalk or marble, which is wholly useless as a cement^ no longer 
forming paste with water. 

It is evident, then, that for all buildings having any pretensions to importance, it is advisable 
to use mortar made from hydraulic lime : and where this is not to be found in a natural state, to 
try to produce it artificially by mixing with the carbonate of lime the ingredientB which are wanting 
to give it hydraulic properties. 

All the ingredients of the carbonated and silioo-argiUaceous varieties of calcareous substances 
are among the commonest elements of sedimentary rocks, and are thus subject to the general 
phenomena of deposition. 

As few engineers have the means of performing for themselves the ordinary processes of analyzing 
limes, the following is given as a simple practical mode of testing a stone supposed to contain hydraulic 
lime or cement ; — The stone ought to be bluish grey, brown, or of some darkish colour, as white 
indicates pure limestone or gypsum. On being touched by the tongue, the presence of clay ought 
to be quite perceptible to the taste. It should also be detected by its smeU aner wetting. It should 
only partially dissolve in diluted add, leaving a more copious sediment than pure limestone. This 
may be considered the first chemical test Should tlus test be satisfactory, break the stone into 
fragments not exceeding 1} in. thick, and put a few of these into an ordinary fire-place, first heatinff 
them gradually, that they may not break into too many small pieces, and keep them to a Aill red 
heat for about three hours. Take out one of the fragments, and put it into a glass of diluted hydro- 
chloric acid. Should the stone be just sufficiently calcined, no effervescence will take place, and its 
original colour will remain unchanged, any effervescence showing that the stone is not sufficiently 
burned. Should the stone be overourned, on taking it out of the fire, it will be of a darker colour 
than before. Having obtained a piece properly oaldned, ponnd it to an impalpable powder, being 
very careful not to aBow any grittineas to remain. Wx this powder with a moderate Quantity of 
water, by means of a spatula or strong knife, on a slate or slab, and knead it into a ball between 
the hands. It will soon become warm ; and, if it be a good hydraulic cement, it will not only 
harden in the heating, but if put into a basin of water it will continue hard, and go on hardening. 
It is better not to put it into water until it has begun to cool a little. 

The proper proportion of vrater is between one-foorth and one-half; the addition of a laiget 
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Suantity making a very thin paste, which will take mnoh longer to set, although nltimalely the 
low-8etting ball will become as hard as the others. A great excess of water will, however, destroy 
the cement. The balls should be allowed to remain in a basin of water for a long time, taking one 
of them out at intervals of ten days for a montii or two, and noting the hardness of their interiors. 
As a saturated solution of lime water wonld be very soon formed in the basin, the water should be 
changed daily, in order to ascertain the full value of the cement 

For practical purposes, Vicaf s division of limes may be well adopted as follows ;— 

1. Fat, or common lime, which gains no consistency under water, remaining in a state of paatte 
in water unchanged, but dissolving wholly in pure water frequently changed. 

2. Poor lime, which is a combmation of lune and sand, the lime in which exhibits the same 
phenomena, as if no sand were present. 

3. Slightly hydraulic limes obtained from limestone containing 8 to 12 per cent, in all of 
silica, alumina, magnesia, iron, and manganese. These set in about twenty days after immersioo, 
but in a year have not gained a consistency greater than hard soap. They dissolve in pure watei^ 
but very slowly. 

4. Hydraulic limes from limestones containing from 12 to 20 per cent, of the above-mentioDed 
ingredients ; these set in from six to eight days, and in six months acquire the hardness of s<^ 
stone. 

5. Eminently hydraulic limes from limestones oontalnine 20 to 80 per cent, of the same ingre- 
dients ; they set in from two to four days, and have attained great hardness in a single month. In 
six months they resemble the absorbent calcareous stones which bear cutting. They splinter 
under a blow, and present a slaty fracture. 

6. Hydraulic cements from stones containing 80 to 50 per cent, of argil ; these set in a few 
minutes, and attain the hardtfess of stone in the first month. 

The above classification must be regarded as onlv approximately correct, since the hydraulio 
energy of limes varies with the value of the clay and the temperature at which the limestone is 
burned. A large proportion of iron and alumina, as compared with the silicic acid, greatly facilitates 
the action which takes place in calcination, and the prepared mortar also sets much more quickly. 
Thus Roman cement, in which the Quantity of iron and alumina together nearly equids the silieio 
acid, is burned with little fuel at a low temperature, and the prepared cement, if fresh, sets in a 
few minutes. The Portland cement, on the other hand, in which tne iron and alumina is less Uian 
half of the silicic acid, is burned at a very high temperature^ and the cement should take as many 
hours to set as the Roman takes minutes. 

Ailurion has been made to the existence of ingredients which, mixed with pure limes, make 
hydraulic mortars. Of these, the two principal natural ingredients are puzzolana and trass. The 
former, a volcanic dust from the neighbourhood of Mount Vesuvius, in Italy, was used as early as 
the time of the Romans, as we find from Vitruvius ; it was not used in England until Smeaton 
employed it in building the Eddystone Lighthouse. Trass is a similar volcanic product, found 
near Andernach, on the Rhine. 

The chief ingredients of both of these are burnt silica and alumina ; and, in imitation of them, 
many artificial compounds of clay have been formed, and are largely used. These are frequently 
termed artificial puzzolanas. 

Lime Burning. — lime kilns may be divided into two classes,— intermittent or flaze kilns, in 
which the fuel is all at the bottom and the limestone built up over it ; and running or perpetual 
kilns, in which the fuel and limestone are built in a similar way to that in which bricSs are burned 
in a clamp. In the former, one charge of lime is burned at a time; and when the burning is 
complete the kiln is cleared out previous to burning a second ; while in the latter, fresh strata 
may be constantly added at the top as the calcined lime is withdrawn from the bottom. In the 
intermittent kiln, the limestone charge rests upon arches of the same material, rudely oonstruoted 
of large pieces laid dry. A small fire is lighted below these arches, and quite at the back ; this is 
gradually increased towards the mouth as the draught increases. The opening is thea re^^nlated 
to secure the proper degree of combustion, new fuel is added to keep it to that point, while the 
air which enters by the fire-door carries the flame to all narts of the arch, acting in the manner of 
a reverberatory furnace, and graduallv bringing the whole to a state of incandescence. Care must 
be taken in forming the arches that the stones of which they are formed are not such as will crac^ 
and burst with the application of heat ; as they might cause the arch to give way, and the chvge 
to fall in. The perpetual kiln is the more economical of the two in fueL but at the same time is 
more difficult to manage. A mere change in the duration or intensity of the wind, a falling in of 
the inner parts of the charge, an irregularity in the size of the lumps of limestone used, may all 
be sufficient to alter the force of the draught, and to cause an excess or deficiency of calcination. 
A change in the quality of the fuel used will also evidently alter the time of burning; and some- 
times a kiln of tnis description, after working for some time very well, suddenly b^mes out of 
order without any apparent reason. Bo that the management of such a kiln must be an affair of 
experience and caution alone ; but, notwithstanding the precautions required, the perpetual kiln is 
one very largely used. 

The fuel used for kilns depends on the products of the country or district in which they stand. 
In England coal and coke are the only two fuels ever used. If any use can be made of the distil- 
lation of the ci)al, there is then an evident advantage in using eoke ; for the gases which the latter 
gives off arrive at once at their highest degree of temperature, while this temperature is only 
arrived at with the former at the end of this combustion, when in fact the coal is coked in the kiln. 
The quantity of smoke that escapes from the kiln while the coal is being burned may be taken as 
an indication of the combustible wasted. A kl^n in which coke is the fuel will yield nearly one- 
third more calcined lime in a. given time than on«>in which coal is used. 

In many countries wood is the only fuel ; in others wood, charcoal, and dried cowdung are the 
ordinary fuels. The varieties of wood of course vary with the resources of the locality. Dried 
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cowdnsg giTM ■ tlow nwuldeilng fln, (uid la ncA » good tuA when giMt heat u reqaired to oJoiue 



Figi. 3112, 5113, ore of ui upright lectannilu' prum, naed in the Booth of Pnnce to bum botli 
lime «nd briolif : the lowar h&lf of (he kiln bang fml of the fonner, and the upper half of the latter, 
pMked edgewftTB. This la not a oonBtmetion to be leoonimended. Figs. 9114. 5II5, are of what i* 
tenned a field kiln, and ia designed for temporary ma, where a large quantity of lime ia wanted 
in a ihort time. It ooniista of an OTsn-ahaped vaiilt, of limestone, upon which a itaok of the tame 
material ii built up In a ojlindrioal form. The whole ii then inrrooDded b; a wait of beaten earth, 
and supported oulwatdl; dt ooum wattlingi. Aocording to Vioat. in thii kiln a oubio yard of lime 
requires from I'64 to 2 231 oub. yds.ofosLkasfnel. Figs. S116, 6117, area form of kiln proposed 
by Vicat in ocder to eiunite the upper part of the charge being properly burned without the lower 
jMtrt being oterburaed : a matter of great importanoe in the case « argillaoeoos limeatonea, which 
Titriry and become useless from oTerbmniDg. To the height of 6} ft. It is oy1indri«al, above which 
(■ a oooioal hood of 9 ft. 10 in. io lieigbt, traneated at the TSitex so as to leave an opening of about 




pattitiona m a n. i\i ui. iiiH", "' , . _ - 

these amngemenis is to avoid angular parts, where caldnation always piooeed* badly ; to keep np 
the intensity of heat in the upper perl of the kiln, in a way that cotUd not be done in either of the 
kilns. Figs, 6112, 6114, whose walla are vertical. The partitions are intended to be adapted for 
the alternute calcination of the lower strata without the discontinusiu-e of it in the upper. First, 
the flre in one partition is llEhted and allowed to bam (br two davs ; towards the close of that time 
a second Ore is lighted, and the first gradually slackened, bv closing the sperture; towards the 
end of two days more the thiid fire is lighted, and the second dimiiiished, so that the upper part of 
the kiln wilt have undergone six daya direot neat, while each of the lower chamber* will have only 
had two days of more intense heat. 

Figs. 6118; 6119, show a plan and ctiM»«eotton <rf a common form of flare kiln, used Ibt burning 
ehalklime on the river Hedway, Kent, the ftael need being coal. Tbeee Ulna are generally built 
in pain, as two charges height one rivn barge, a ts a lane apertnre where the chalk is thrown 
in, the ground being higher behind ; 6, the door where the Time is taken out : e c, the fumaoea, the 
bare gohig right across the kiln. The inside of tbe kihi is lined with Sre-brieka, set in a mixture 
of equal parts of briok earth and Mod, termed pi^. The chalk is built over the flre-ban in two 
arobea abont 4 fl. high. Bound these aichM are laid Urge lumps of chalk, and then o 



vidi powder, and attached to a long iron stnok, is bom lime to time fbrced into the centre of the 
fomaoe. The heat ignites the powder, and tbe explodon shakes down tbe soot. The lime takee 
•ixty hours to bum, and twenty hours after thejr have ceased to put In fuel the lime sbould^be 



ooorenough to admit of ita b^ng taken out. The volume of the charge diminishes as the kiln 
bums; the out-turn lt» a pair of kilns being from 110 to 120 cub. yds. The fod required for 
this quantity U 9 tons of omJ, and en allowance of 1 or 2 lbs. (tf ooarae gunpowder. 
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It 18 usual, if possiblef to build kilns on the face of a steep liank, so as to be able to cart the 
limestone and ooaiup to the top, and thenoe to fill the kiln, and to withdraw the burned lime from 

the bottom. 

Slaking Lime and forming Mortar. — The methods employed for slaking lime have been generally 
divided into three heads. The first consists in throwing on the lime as it comes from the kiln 
enough water to reduce it to thin paste. Too much water is generally added, and the lime 
is drowned, the slaking being checked. The second method of slicing consists in flinging quick- 
lime into water for a few boconds, and withdrawing it before the commencement of ebullition. Tbe 
operation is performed by baskets, into which the lime, broken into pieces about the size of an eggj 
is placed. After being taken out of the water it is thrown in a heap, and allowed to fall to a 
powder. This method of slaking has been found to be attended by various practical inoouTe- 
niences, the chief of which is the difficulty of getting the workmen to hold the lime precisely the 
right time under water. The third process is called air slaking, leaving the quick-lime exposed 
to attract moisture from the surrounding atmosphere. 

It seems to matter little whether pure lime is slaked in large or small quantities at once ; bat 
with hydraulic limes only so much should be slaked at a time as can be worked off within the next 
eight or ten days. In order to make sure that the lime has entirely lost its affinity for water 
before being laid as mortar in the joints of a building, it is ^safer to leave hydraulic limes for 
from twenty- four to forty-eight hours after slaking, before making them into mortar. For want 
of this precaution, mortar has been known to expand and to burst even the heaviest maaoiuy. 
Twelve to twenty-four hours is long enough for pure or feebly hydraulic limes ; they should be 
left covered up during that time. Hydraulic limes should be used as fresh as possible from the 
kiln, and as they slake with difficulty they should be ground first, to ensure of the operation being 
done perfectly. Hydraulic cements do not slake at all. They should be ground to fine powd^ 
and made into mortar either in a pug-mill or by hand in small quantities, being mixed with 
water only when required for use ; taking care not to let them remain too long in that state, as 
they at once begin to harden. 

The quantity of water required to be thrown on the lime varies with the density and purity of 
the lime and its freshness ; but generally speaking it will lie between ^ and ^ the bulk of the lune. 
With pure and freeh-bumed lime more water is evaporated by the heat produced, than with a stale, 
or hyoraulio lime. 

The following Table shows the volumes of dry powder and lime paste produced from 1 measure 
of quick-lime, the volumes of water necessary, and the percentage of clay in each case ; — 



DeslgDation of the lime of which the 
volume is taken as unity. 


Volume of 

water used to 

bring It to a 

state of powder. 


Volume 
produced of 
diy powder. 


Toli^of ivdmnepro- 
mter naed In •11; Vi„!IZi JT. 

Jto bring to l^«5^. 
a state of paste, i •»'••'*" i»««. 


IVrcentags 

of clay in 

each. 


1. Lime of white marble .. .. 

2. Fat lime of Strasburg .. .. 

3. Metz lime 

4. Yellow lime of Obemai 

5. Boulogne cement 


i 

i 
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2i 
Si 

H 


I* 


1} 

f 





22-8 
13-3 
46 



It will be observed from thih Table that the volumes of powder and paste produced by slaking, 
and the volumes of water required for the operation, are each less as the quantity of the day present 
is greater. When the quantity of clay in the lime is small, the lime sufficiently predominates over 
it to produce by its affinity for water a violent action. Heat and vapour is thrown off, and the lii|ie 
expands and falls into powder much more freelv than it does in limes highly hydraulic. The 
cement made from Boulogne pebbles is highly hydraulic, and does not really slake at alL 

Bumell makes the following important observation regarding the calcination and slaking of 
different limestones. *^ Those which are obtained &om the stones containing mtich silica in the 
composition of the clay, swell in setting, and are likely to dislocate the masonry executed with 
them. On the contrary, those in which the alumina is in excess are likely to shrink and czack. 
The magnesian limestones or dolomites appear to be the least exposed to these inconveniences, 
and to retain without alteration their original bulk." 

Sand is generally mixed with lime, however, for the sake of economy ; and for ordinary purposes 
any good lime will stand the admixtuie without its properties being seriously impaired. It 
remains to be considered, how much sand may be thus steely used, and what kinds of sand are the 
best. 

Theoretically the best wall is that in which the cementing material is just as strong as the 
brick or stone cemented. There is evidently no object in having the cement stronger ; but up to 
the point of equal resistance, the strength of the whole wall will vary with that of the cement. In 
the case of fat lime, the strongest mortar that can be made of it hesin such a very small proportion 
to the strength of a brick, that it matters comparatively little what proportion of sand is used 
with it. If there is much saving effected in price, 3 of sand may be used to 1 of lime, and the 
resistance of the mortar formed would only descend to ^ of that of the brick. But as has been 
said before, such a mortar should never be used at all. Witli feebly hydraulic limes 2| cub. ft of 
sand may be mixed with 1 cub. ft. of lime, and the results will be a mortar of ^ or | the resistance 
of brick. With hydraulic lime of good quality, such as lias lime, 1} to 2 parts of sand may be 
used to 1 part of lime, but this is the limit. 

For hydraulic works and foundations, equal portions of lime and sand should be the limit 
allowed. 



2nd. 


3rd. 


Mixed. 


Coarse. 


Fine. 


Coane. 


Mixed. 


Fine. 
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There ib mnoh difference of opinion as to what sand ia best suited for mixin«^ with lime. Vicat 
concluded that the advantage of the three different descriptions of sand employed by him Taried 
with the nature of the lime. He calls ooarse sand, those whose grains, supposing them round, 
vary from -,y to 4 of an itich in diameter ; fine sand, where the grains vary from ^ to ^y of an inch 
in diameter ; ana aoooxding to this statement ranked their superiority with limes as follows ; — 

1st. 

For eminently hydraulic limes Fine. 

For slightly „ „ .... Mixed. 
For &t limes Coarse. 

Powder, especially when derived from calcareous substances, he found to make excellent mortar 
both with hydraulio and eminently hydraulic lime. He considered that the greatest difference in 
the hardness of mortars of fat limes, which the use of this or that kind of sand is capable of occa- 
sioning, rarely amounts to more than 4, but it exceeds ^ with the mortars made from hydraulio or 
eminently hydraulio lime. That is, if the maximum hardness in the two cases be 100, the mini- 
mum will not be far from 80 in the first case, and 60 in the second. 

The general opinion of writers has been that pit-sand is better than riTcr-eand. It is usually 
rougher and more aneular ; and whether rightly or not, it is certain that these qualities are Talued 
by most practical builders. 

Sea-sand has been condemned bj most writers as the worst that can be used. Smeaton in 
building the Edd^stone Lighthouse found mortar made with salt water ju8t as good, if not better, 
than that made with fresh ; so that in his case we may suppose sea-sand impregnated with salt would 
have made equally good mortar as fresh-water sand. Davy, in his * Treatise on Foundations,' 
remarks, "it is almost unnecessary to obsenre that washed seapsand will produce precisely the 
some effects as the best river-sand." 

It is probable that the difference of opinion on this subject may arise from the different kinds 
of lime that have been used. Fat lime will not harden if kept damp ; and the presence of salt in 
the mortar will always keep it so. Hydraulic lime^ on the other hand, harden all the better, 
though not so quickly, from being kept damp ; and it is thereforo reasonable to suppose that in 
their case seaHUind is not preiucQoial. For internal plastering sea-sand is evidently unfit, on 
account of the moisture which keeps exuding from it, aisflguring its appearance, and making the 
room plastered damp and unwholesome. 

All writers aro agreed that sand should be dean. This is a most important point, and one hj 
DO means sufficiently attended to. Good mortar can never be made where the sand is filled vrith 
earthy and loamy particles, and the fact of these partidee beiuff argillaoeous adds nothing to their 
advantage. Troussait recommends that sand should be washed in masonry basins from 7 to 10 ft. 
wide, from 12 to 16 fL long, and about 2} ft. deep, laid about a foot thick, water let over the sand, 
and well stirred up. Allowing time for the sand again to sink to the bottom, the water should be 
suddenly let off by a sluice at one end ; and the operation should be repeated till the water passes 
off but uightly turbid« when the sand may be considered dean. 

From uie conflicting opinions on the subject of sand, we may conclude that in making oidtnary 
mortar our present knowledge and experience woula not justify any great expense in order 
to procure sand of any particular colour or grain, or from any particular source ; but that generally 
•and either too coarse or too fine should be avoided. 

That for ordinary buildings we should, if possible, use riyer or pit sand in preference to sea- 
sand. But if any great saying is effected by using the latter, we should not hesitate to do so ; 
taking the precaution to wash it carefully first. 

That for hydraulic buildings, sea-sana is just as good as any other. 

That in all cases it is worth while to take pains to clean tne sand before using it, or to make 
sure that it is clean. 

The great rule in mixing mortar is to see that the lime and sand are thoroughly and intimately 
amalgamated. According U) some writers, continual working and beating ia ako essential to the 
making of good mortar ; this, however, is doubtful. The ingredients may be mixed by hand or in 
a pug-mill, or what is best of all, under a wheel, or stones revolving on edge. 

The first great point to be attended to in applying mortars, is the necessity of thoroughly 
wetting the materiau to be joined. If the moisture is suddenly drawn off any hydraulio mortar 
it will not harden. Dry bncka and most stones absorb a large proportion of water, so that if 
mortar is applied to the dry surface of a brick and another pressed on it, the whole of the 
moisture vrul be squeezed out of the mortar and taken up by the bricks, and the mortar itself will 
crumble into powder. Whereas if the brick is already thoroughly wetted, it will be able to 
absorb no more moisture, and the mortar will set as it ought. 

With many compact stones, sudi as granite or marble, it will be sufflcient to water the 
surface at the moment of using them. But porous materials, such as sandstones and bricks, should 
be allowed to soak in water for some hours before use. In a series of experiments on English 
bricks, weighing from 5} to 6 lbs., the average absorption of water was 12 oz. a brick. 

The next requisite in applying mortar is that the mortar should be as stiff as it can be used, 
without inconvenience and without danger of all the unevennesses of the joints remaining unfilled 
when the bricks are forced home. 

The third requisite is to prevent rapid drying of the mortar after it has been applied. 

Mortar which is exposed to the action of frost before it has set. is so much damaged as to 
entirely impair its properties. In building, therefore, when the approach of frost i^ to be looked 
for, the foundations and the walls up to at least 3 ft above the ground should be laid in hydraulio 
mortar, which will set rapidly: as the action of the frost is severest at the ground level. During 
severe frosts all building should if possible be suspended. If the walls are yery thick the interiors 
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will generally be protected firom the cold, and it will be enough to lay and point the exterior joints 
with cement or superior mortar. 

Mortar is aometimes applied in a form termed grouting, that is, mixed with an excess of water, 
and poured liquid into tne joints of the masonry. Good grouting can be made of eminentlj 
hydraulic lime and fine sand mixed with water, and poured immediately into the joints ; it hardens 
instantly without shrinking, and solidifies all its water. Smeaton formed an excellent grouting 
of equal parts of lime and puzzolana. Oroutlng is, however, not generally approyed of by 
engineers. Soott thus remarks of it, — " If the joints of a work are not properly flushed up. un- 
doubtedly grouting is of great advantage, especially when dry bricks are employed in work, but I 
the strenjifth of grout cannot at all compare with that of good stiff mortar ; for grout, when the 1 
water dries out, is merely very porous mortar, and the more fluid the grout, the weaker the work 
will be." 

Much difference of opinion exists as to whether the mortar joints of masonry should be thick 

or thin. 

In modem practice, in all masonry and brickwork where strength is required rather than 
ornament, thick beds and joints of good mortar will be usefuL Thin bricks or tiles vrill also be 
better than thick bricks, as the material will be better burned, and consequently more enduring ; 
more mortar can also be used, which in such work gives strength. Mortar may be used safely, 
and even with advantage, in thick beds, and joints in masonry for docks, for railway bridges, 
viaducts, and retaining walls ; as also for warehouses, goods stations, cotton mills, tall chimneya, 
fence walls, and all similar structures. Reservoir walls, tank walls, and covering arches for water- 
works, ought most certainly to have thick beds of good mortar. The proportion of mortar to rubble 
stonework should be about 1 to 3, that is, in 4 cub. yds. of rubble wall there should not be less than 
1 cub. yd. of mortar. In brickwork with ordinary bricks the proportions will be 1 to 4. If thin 
bricks are used, or if very small stone is used for rubble-work, tne proportions may be as 1 to 1, like 
some of the ancient work to be found at this day in Italy and the East, which is sound after 
centuries of time. 

A good deal must depend on the quality of the mortar used, for if it be a slow-setting one, 
allowance must be made for the gradual settlement of the building ; especially must this he con- 
sidered in arch-work. 

Lime Concrrtes. — ^The proportions in which lime is mixed with grayel, and other aggregates, 
depend on its quality ana mode of preliminary preparation ; but no accurate or safe proportions 
can be determined on in the absence of a true knowledge of the chemical value of the several 
ingredients. Rich limes are weak in cohesive and adhesive canacitv, and, unless reduced to fine 
powder, wiU not bind. With such limes^ therefore, it is not aavisaDle to incorporate more tluin 
three or four parts of aggregates. The lUne is usually obtained fresh from the kilns, and slaked 
with water, or at once mixed with the aggregate, when both are wetted and turned over together, 
but this is a very slovenly mode of making concrete, and should be avoided. The beet plan to 
extract the utmost value from lime as a matrix is to reduce it to the finest powder either by slaking 
or grinding. When so prepared, and evenly sifted through a fine sieve, it can be applied with the 
most advantageous results. The water necessary for the mixture should be carenuly i^^plied in 
the form of a spray, either through a rose or other good distributor, and no wash or super- 
fluity of water permitted. When lime thus carefully prepared is mixed with a favourable quality 
of aggregate, satisfactory results may be depended on. If the operator is satisfied that no dis- 
turbance will take place in the mass from unslaked lime, he may subject the concrete to a slight 
degree of pressure when putting it into the moulds or firames. As rich limes require more water 
Uian the poor ones, it is necessary to observe that there should be sufficient for their complete con- 
version into a hydrate, for, in the absence of the necessary quantity of moisture, the mass will have 
a tendency to disintegrate. These observations on rich limes for concrete making are offered for 
the guidance of those who may from circumstances be obliged to use them for tuch a purpose ; 
but, owing to the many disadvantages attending their use, they should at all times be neglected if 
any better matrix is obtainable at a reasonable cosL 

The poor or hydraulic limes are better adapted for concrete purposes, in consequence of the 
amount of silica which they contain. The blue lias varieties are the best ; and when submitted 
to an amount of reduction which will enable them to pass through a No. 40 wire gauge, witliout 
leaving more than 5 per cent of residuum, they wiU be found a cheap and advantageous matrix. 
Slaking, in the absence of grinding machinery, may be resorted to as with rich limes. Considerable 
misapprehension exists as to the desirability of keeping ground lime for any len^ of time before 
being used. The amount of injury which lime in a finely-powdered condition receives from 
exposure, arises from its avidity for moisture. If, therefore, the air is excluded from it, and the 
situation in which it is kept is dry, no injurious effect of any extent will arise. Smeaton's experience 
on this subject is conclusive ; for no used Aberthaw lime with great success in important engineer- 
ing works after it had been kept in casks for seven years. The present use of Thiol lime from 
France in the works of the Suez Oanal, is also confirmatory of the possibility of using lime after it 
has been some time reduced to powder. The precaution, however, must be insisted on of keeping 
it in barrels well made, and their intmor papered so as to exclude the air. 

It is necessary here to explain the advantage which arises in treating the lime before it is mixed 
with the gravel or stones. B^ton differs from concrete in its being subjected to two operations : 
first, the lime or cement is mixed with sand and treated as a mortar, to which afterwards is added 
the required quantity of aggregates. Concrete, however, as originally prepared in this country, only 
consisted of one clumsy operation of mixing the matrix and aggregate together. Hence it is more 
correct to say that bdton is essentially a French process, and concrete the somewhat analoerous one 
in England. In both cases the mixture is accomplished with the same object, although with a dif- 
ference of detail. There can be no question that the b^ton process is the more perfect one, and, 
especially when the concrete is made into blocks or frames, offers great advantages over tiie other. 
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When, however, it is iifled,a8 in engineering works, in large manes in trenches, it involves a doable 
operation ; first, the preparation of the mortar, which is followed by its incorporation with the 
larger ingredients, such as gravel, broken bricks, or stone. When monldijig the concrete the mortal 
can be nsiBd simultaneously with the gravel, and under such circumstances with beneficial efiect 
Its use in this way secures a solid mass, having a minimum of interstitial space. In all concretes 
it is necessary to adjust the proportions of lime, sand, and gravel, so that no vacuities will occur in 
the mixture. The la^er the size of the aggregate the more necesiBary is it that attention should be 
paid to this point. With an abrogate of an average siza of 2 in. it will be found that in every 
cubic yard there will be vacuities equal to 11 cub. ft., so^ that the mortar should be equal in quantity 
to the interstitial spooe. This vaeant space will, of course, vary with the size or particles of the 
aggregate, and the amount of shrinkage' will also fluctuate accordingly. When in a dry state it 
im\ shrink less than when wet in proportion to its specific gravity. A silidous or quartzose sand has 
a specific gravity of 2*6, and a solid cubic foot of it would therefore weigh 162} lbs.— a cubic foot 
of water weighing 1000 os. Sand of this kind, without being specially dried, when filled into a 
measure of a cubic foot however, only weighs 75 lbs. ; showing that the space between the grains 
was nearly equal to their own bulk. The weight of sand of the above specific gravity may serve as 
a good guide or standard in estimating the amount of mortar that should be mixed with gravel for 
concrete ; for the difference between the weight of a cubic foot of the aggregate, when pressed 
together, and 162) lbs. will indicate the space to be fiUed. The difference Aould be as accurately 
ascertained as possible, although it is safer to have an overplus than too little of the necessary 
cementing material. 

Hcman Cement Concretes, — From the rapidity with which Boman cement sets, it is freauently 
employed in the preparation of concrete where much running water in foundations prevents lime or 
Portland cement concrete horn setting quickly enough for such works. It cannot be used with a 
lam proportion of aggregates, tod*is mcffefore seldom used for general concrete purposes. In house 
building with concrete it never can occupv, for the same reason, a valuable position ; its quick-setting 
properties requiring great care to avoid the danger of disturbing its induration after the initial set 
has been accomplished. When necessary to use this cement for concrete, it is not advisable to mix 
it with more than four parts of aggregate in a dry state, and then carefully wet the mixture by a 
spray of water. Boman oement concrete should not on anj account be rammed, as the action of the 
rammer would disturb the indurating action which speedily sets in. ^ 

American engineers use the natural cements for concrete, and sometimes witn lime, and their 
experience of such a combination is most satisfactory. Gilmore recommends the following mode 
of preparation and use ; — ^ Natural hydraulic cement, to which, under ciroumBtances requiring 
only a moderate degree of energy and strength, isaste of fat (ridi) limes is sometimes added, in 

Suantities seldom greatly exceeding that of the oement, is almost invariably used as the basis of 
tie concrete mortar ; and the concrete when made is at once deposited in its allotted place, and 
well raomied in horizontal layers of about 6 in. in thickness, until all the coarser fragments are 
driven below the general surjface. The ramming should take place before the oement begins to 
set, and care should be taken to avoid the use of too much water in the manipulation. The mass, 
when ready for use, should appear quite incoherent, containing water, however, in such quantities 
that a thorough and hard ramming will produce a thin film of free water upon the surface, under 
the rammer, without causing in the mass a gelatinous or quicksand motion. 

It will be found in practice that cements vary very considerably in their capacity for water, and 
that freiA-ground cements require more than those that have become stale. An excess of water is, 
however, better than a deficiency, particularly when a very energetic cement is used, as the capacity 
of this substance for solidifying water is great. A too rapid dessication of the concrete might 
involve a loss of cohesive and adhesive strength if insufficient water be used." 

The composition of the compound mortar used at Fort Warren was — 

825 lbs. ary cement, producing 8*75 to 8*85 cub. ft. of stiff paste ; 120 lbs. Rockland lime, pro- 
ducing 4 cub. ft. of stiff paste ; 19} cub. ft. of loose sand, eaual to 14) cub. ft. well compacted. 
These ingredients, when well mixed, made 18) cub. ft. of good mortar. 

The mortar used in the construction of Forts Richmond and Tompkins, New York Harbour, was 
made by hand : when required for stone masonry or concrete^ it was composed of hydraulic cement 
and sand without lime. 

** Eac}) batch of mortar or concrete corresponded to one cask, or 808 lbs. net of hydraulic cement 
powder. Four men constituted a gang for measuring out and mixing the ingredients, who proceeded 
to the several steps of the process in the following order ; — 

" First. The sand is spread in a rectangular layer of 2 in. in thickness. 

^ Second. The dry oement is spread equally all over the sand. 

'* Third. The men place themselves, shovel in hand, two on each side of the rectangle, at the 
angles, facing inwards. Furrows of the width of a shovel are then turned outwards along the ends 
of the rectangle until the whole bed is turned. The two men on one side thus find themselves 
together, and opposite the two on the other side, having, of course, left a vacant space transversely 
through the miadle of double the width of a shoveL They .then move back to their original 
positions in turning furrows as before, when the bed occupies the samei space that it did previous 
to the first turning. The turning is executed by successivelv thrusting the shovel under the 
material, and turning it over about one angle as a pivot. Each shovel thus moves to the middle 
of the bed, where it is met by the one opposite, when each man moves back to the side in dragging 
the edge of his shovel over the furrow he has just turned. 

" Fourth. A basin is formed bv drawing oil the material to the outer edge of the bed. 

** Fifth. The water is poured into the basin thus formed. 

" Sixth. The material is thrown back upon the water, abeorbmg it, when the bed occupies the 
same space that it did at the beginning. 

« Seventh. The bed is turned twice by the process described above. If required for masona' 
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nae, the mortar is then heaped up, to be carried when and where required. If for ooncrete (the 
mortar occupying the rectangcdar space), aa at first. 

'* Eighth. The broken stones are spread equally oyer the bed. 

** Ninth. A bucket of ^ater, more or leas (depending upon the quantity of stones, their absorbing 
power, and the temperature of the air), is sprinkled over the bed. 

^ Tenth. The bed is turned once as before, and then heaped up for use. The act of heaping up, 
which is done with care, has the effect of a second turning. 

'* The time consumed in making a batch of mortar is a little less than twenty minutes ; in 
incorporating the broken stones, ten minutes more. 

** Where the mortar is required in very small quantities, to avoid deterioration, instead of pro- 
ceeding to the fourth step of the manipulation, tlie mixture of cement and sand is heaped up and 
the water added, and paste formed with tlie hoe in such quantities as are required." 

The composition of the above mortar was 308 lbs. of cement powder, which produced 3*70 to 
3*75 cub. ft. of stiff" paste, and 12 cub. ft. of loose sand (equal to 9*75 compacted or pressed). These 
ingredients being incorporated, produced 11*75 cub. ft. of rather thin mortar. 

The above accurately-descrioed method of hand-mixing indicates the necessity of a careful 
handling of natural cement, mortar, or ooncrete. It is only by such a reasonable and intelligent 
admixture that any satisfactory results can be expected. The Bosendale cement used for tliese 
mortars gave by aiuklysui ; — 

Silica, eUy, And a,„»,„. F^zldeof Oubonateof Oulwiiateof Salphnric ^!i?l^ Water and 
insolable s&catea ^^^^^°^ iron. Une. magnfria. i!cid. *^SSn^ ^^ 

19-80 4-40 0*76 33*90 84*06 0*32 4*78 1*56 

These American cements are subjected to a high degree of pulverization, being required, under 
strict surveillance, to pass through a No. 80 gauge sieve, 6400 meshes to the square inch, and not 
leave more than 8 per cent, of residuum. One solid cubic yard of raw stone yields on an average 
2700 lbs., or nine barrels of cement, exclusive of those portions rejected in assorting the burnt stone. 

The natural cements, so abundant in America, differ from English Roman cements in their 
analyses ; and in no case do th ey approach them in setting energy. It is therefore necessary to under- 
stand that an exactly similar treatment of them for mortar or concrete would probably be attended 
with less satJsfj^Atory results than those obtained by the American practice. It would be better 
therefore to mix the Roman cement and sand first, before adding the water, which must be dis- 
tributed equally through the mass until it assumes incoherence ; it may then be mixed with the 
gravel or stones, when it will be necessary to add another quantity of water. 

Portland Cement Concrete, — Whatever advantages may be derived from the practice of preparing 
concretes with limes, puzzolanas and natural cementa— according to their cheapness or aoundanoe 
— ^they will bear no comparison in auality to that made from Portland cement, and in all cases 
where practicable a. preference should be given to Portland cement concrete. 

Portland cement has the great advantoge that it can be made of any degree of setting energy — 
to set in from ten minutes to two or three days. This quick setting is, however, obtained at a 
sacrifice of indurating strength. The practice of making Portland cement of light specific gravity 
is now nearly abandoned, and an average weight of 110 lbs. the imperial bushel may be regarded 
as the most advantageous quality. Even a lighter weight than this will suffice for ordinary oon- 
creto, if the cement is ground fine enough. 

For concrete in engineering works very large proportions of aggregates have been mixed with 
this cement. In the sea-forts of Copenhi^en the proportions were, 1 part cement, 4 sand, 16 frag- 
ments of stones. 

And a very usual proportion for foundations is 1 part of cement to 10 of sand or gravel. The 
proportions used in the works in connection with the Houses of Parliament were 1 of cement 
to 4 of sand. On the Main Drainage works, where special excellence was aimed at, the cement of 
the finest quality was used with omy 1 of sand to 1 of cement For foundations and backing of 
wharf or nver embankment walls, 1 of cement to from 6 to 8 of clean Tliames ballast. 

The mode of preparation adopted in the case of the Thames Embankment works was not calcu- 
lated to extract the highest value from the cement ; being the old and now obsolete method of 
mixing by hand and then tipping the con crete from a height into the trench prepared to receive it. 
The foundations were wet, and generally speaking an excess of water was used with the mass; but 
notwithstanding these shortcomings in its preparation the concrete attained great hardness. 

In the absence of machines for mixing the materials, the usual plan adopted is to spread the 
stones or gravel upon a hard surface, and upon these is spread a layer of .the previously-prepared 
mortar ; the necessary amount of water is added, and the whole mass then carefully mixed and 
turned with rakes and hoes. There is some danger attending the supply of water, and it is advis- 
able to tlioroughly saturate the aggregate before putting the mortar on it. In all cases of concrete 
or mortar making, it must be remembered that the smallest possible quantity of water should be 
used. When a heavy and slow-setting Portland cement can be commanded it is safest, as the 
danger of over-wetting is reduced to a minimum. In the manufacture of granite breccia stone we 
have a good example of careful concrete-making conducted on the most scientific principles. A 
cement was selected of a weight up to 140 lbs. a bushel when it could be obtainea, and wiUi it 
were mixed chippiogs of Bath, Portland or Anston stone, obtained from the refuse of masons' yards, 
broken to a uniform size seldom exceeding 1^ in., to these beiug added sufficient small or sandy 
portions to fill up the interstitial space. It was made up in batches of about half a cubic yard, 
and all the materials first mixed together in a dry state, proportions of cement varying with the 
quality of the cement and the purpose for which the stone was destined. It was slightly watered 
with a can having a fine rose. At this sta^ of Uie process the mass was quite incoherent, and 
showed but slight indications of any capacity of settmg, and no inluration. The mixture was 
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then gradually and oarefnlly pat into the iron mouldfl, in thin layers, and rammed inoeesantly with 
heayy iron rammers. The peronasion applied effected a thorough amalgamation of the mass with 
so small a quantity of water as to lead to a belief in the minds of the ignorant that the concrete 
when liberated from the moulds would be worthless. The result, however, was on the contrary 
most satisfactory, and large quantities of this stone were used in Xiondon and its suburbs for paving. 

The moulds used for this kind of manufacture were highly fliiidhed, and strong enough to resist 
the pressuro caused by the incessant impingement of the rammers on the yielding body of materials. 
The ramming was continued until the mass was absolutely soUd. After fourteen days, and some- 
times less, the moulds wero unscrewed, and the stone carefully lifted by mechanical means-^the 
stones made sometimes weighing half a ton. When more than ordinary strength was required, a 
small portion of the soluble silica of soda or potash was added ; but this was quite exceptional, and 
it was doubtful if any increased strength was obtained. 

Portland cement is ocoasiooallv us^ in combination witli finely-sifted slaked lime, as in the case 
of Coignet's batons agglom^r^ In some works performed in London, at the Thames Embankment 
and for sewers, stone lime was used, and after being slaked with water, it was passed through an 
ezceedinjB^ly fine sieve ; the necessary quantity of Portland cement, which fluctuated aocordmg to 
the qualit]^ of work and its cost, was added, with fine, sharp, clean river-sand. The whole was 
then put into a specially-constructed pug-mill, with a small quantity of water, and thoroughly 
amalgamated. From the pug-mill it was at once wheeled in barrows to the work, and there spread 
in layers of about 6 in. deep, being carefully raked and slightly lanmied. The works in question 
were executed during the winter, and although under such unfavourable ciroumstances, the centres 
upon which it was piaoed were struck in less than fourteen days without any damage to the arohes. 
Large works have oeen constructed vrith batons agglom^r^ and many miles of sewers have been 
built under Paris ; arohes of considerable span have been built, as well as houses and churches. 
It is mentioned here as an instance of the advantage of well-directed manipulation efiecting 
successful results from comparatively inexpensive materials. There was no gravel used, and the 
largest piece of sand was not bigger than a pea. The appearance of the work was pleasing, and 
closely resembled some varieties of Bath stone in texture. By such a combination — and, indeed, in 
some qualities of the work without any Portland cement— the danger of using an imperfectly manu- 
factured cement may be avoided ; but the cost of sifting and subraquent mixture by the pug-mill, 
together with the levelling and ramming, is so great as to make it doubtful if it can be used with 
any advantage in a locality where Portland cement can be obtained at a reasonable rate. 

Mixmg.—ia making the various preparations described, the degree of success will much depend 
on the accuracy of admixture of the various materials. Until recently the operation of mortar and 
concrete mixing has been performed by manual labour; but the increasing magnitude of works 
has necessitated tlie adoption of mechanical mixing, with great advantage, not only as regards cost, 
but with considerable miprovement in the quahty of the mixed materials. Many ingenious 
machines have been devised for mixing mortar and concrete— pug-mills, horizontal, and vertical 
stones, with other kindred contrivances, have been used with varying success. 

At the Liverpool Docks, where the mortar used in their construction obtained a justly-deserved 
rpputation, revolving pans were used, in which heavy cast-iron rollers rotated in a contrary direction 
to that of the pans. At the London Docks Extension, pans 7 ft. in diameter were used, in which 
revolved two stones 4 ft. in diameter, having a face or thickness of 14 in., hooped with 1} in. cast 
iron. Four pans, making fourteen revolutions a minute, each charged with 7 cub. ft of mortar, 
prepared 72 cub. yds. during every twenty-four houn ; and it was found the space of forty minutes, 
or 560 revolutions, was the time of duration which realized the best and most satisfactory results 
in the quality of ihe mortar, the adhesive value of the mortar being depreciated if the revolutions 
were more or less than the above number. Both of these mills were driven by steam-power. 

Fig. 5120 is a side elevation, partially in section, and Fig. 5121 a plan, of a mill crushing and 
mixing mortar. The axis of the crushing wheels / is fixed and the motion given by a rotary bed 
e resting on the friction-rollers g, seen in the section. Fig. 5120. The axis A, carrying the crushing 
wheels j\ is arraneed with a vertical adjustment in the main standards e, and is with the wheels 
raised or lowered by means of the screws 6 operated by the tangent- wheels and worm n', m'. The 
cross shaft n, on which these worm-wheels are mounteo, is driven by the corrugated friction-wheels 
h\ o', connecting motion from the driving shaft A when the mill is to be filled and' the wheels are to 
be raised, or when they are to be forced down upon the material, motion in either direction is given 
by means of the lever p* and the tumbling gluing seen in the side view. Fig. 5122. Motion is 
connected to the machine by means of the pulleys on the shaft h, which is geared to the vertical 
driving shaft on the right, by means of the bevel-wheels h\ •". 

This vertical shaft is geared to the rotary bed e by means of the spur-wheel •*, •*, and the 
segment seen in the section, Fiff. 5120. The crushing wheels > are kept in position on the axis k 
by means of the collar k\ the Icey k\ and washer kK The bearings of these wheels are pro- 
tected from the material that falls from the top by means of the sheaths j" that are bolted to the 
sides of the wheels, and project beyond collars ^ and k\ The scrapera r^ serve to collect the 
material in the path of Uie wheels, and prevent it ftom packing ; they are held by the diagonal 
brackets r and standards a', which are bolted to the main frame. 

The friction-rollers g revolve on, and are held by, the radial rods g\ which are screwed into the 
revolving ring <^*. 

Fig. 5123 is another form of mortar incorporating or mixing; machine. It consists of a sheet- 
iron hopper A, closed at the bottom by a disc B, surmounted with a cone 0, to which is imparted a 
quick rotary motion by the cog-wheel D. Tliere is a rectangular opening in the hopper, 8 in. wide, 
the height of which can be increased or diminished by the ratchet and cog wheel F. Below the 
V>pper is a cylindrical spout G, in which revolves a screw having iron points attached at regular 
intervals. Water is supplied by means of tile stop-cock K, through the funnel J. Two men can 
work this machine by means of the crank L. If lequired, power can be applied by a belt to the 
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pulley O, aai in a irorkiag d>j of ten bouis, with hklMwrae power, it will mix 99 enb. jd*. of 
mortar The motioii of tbe torew csniei tbe mortar while being mixed to the ontlet, where it !■ 
dinharged into bnokets plaeed on the rerolving platform H. Bj meaiu of the onnk N, tb« 
bucket* mae in (occcaaioii under Uie opening in the aponta. The materials before being Uuowo 
into tbe oopper are pievknulj' mixed d^ on an adjacent platfoim. 




b; band, and can be retdily tramferred from one point of the works to another, avoid[Dg tbe onat 
of movioK the oonorete when mixed. The reqnitite qnantities of mortar and giavel ate oarvfullr 
meaanred and pnt into the machine at a. Pig. 0124 ; the lerera, ft b, Fig. 51SS, are then mored, 
the materials fall, and In descending throngh Qie seretal anapartmenta are thoroughly mixed, in 
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which oonditioD they reach the hottom of the machine. If necesBary the maohine is moved to 
another spot, when it is again charged, and the same operatioa repeated. 




iiRiniri 



\m\m 



The most important object to be attained in nsing any of this class of machines is that of 
thoroughly amalgamating the materials. The necessity, in ordinary cases at least, does not arise 
for grinding or pulverizing them, and not only may that action be oonsidered superflnous, but In 
some cases poeitiTcly dangerous. The sliding action of the metal surfaces induces frictional heat^ 
which has a tendency to evaporate the water of mixture, resulting in the imperfections due to 
over-grinding. It is well to avoid the use of such machines as impurt this peculiar sliding action, 
unless on works of sufficient magnitude to ensure their careful and intelligent supervision.^ The 
simple hand-machines will be mund useful in ordinary cases, and great accuracy of admixture 
may be realiased at aoompazatively small cost The dsAger of excessive trituration of mortars is 

7 o 
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not anffloientlj cooaldeTed, aad mncb mU- 
ohief has been caused in ooneeqaenoe. Port- 
land cement mcvtar, when Babmltted to the 
g^tinduiK lu'tion oF the mortu mill, was moch 
impaind iu qoality, and after repeating ez- 
perimeDta, at the iuBtaai^ of an ignorant 
engineer, leceisl atlempta to thna prepare it 
were abandoned. 

The moBt desirable method of mortar pre- 
paiatiou dlonld oonaiBt of two opetstiona, — a 
tbarODgh dusting of the aggr^ates with the 
mittiii, and a careful and perfect moistening 
of the masa by the spray or dnatiQg of the 
smaJleat possible quantity of water. By the 
flrst process the particles of lime and sand ore 
placed in aooniata mecbsDioal juitapotdtioii. 
end by tlie seoand is imputed the neoesHj; 
amount of moistore to snCBeient chemical 
agglutioatioii. Such a carefnl manipulation 
would not be mora expensiTS than the sjetem 
of mortar making wtiicb now prevails ; but 
even if it were, the imptored quality obttiined 
would mora than oompeDeatefor any inciease 




waa Dsed, oombtning cement grinding with 
the mixtnre of the mortar. The gnuding 
machinery consisted of eight mortar or rer- 
t eal mills, the pans of whioh revolve with a 
velocity of twenty-two revolutions a minute. 
The ruonera to each pan were provided with 
an a^oBting arrangement, whereby the stones 
conld be nised or lowered at pleasure. Gaeb 
mill wu attended by one man, who first put 
in the burnt cement, and, when it was gronod 
fine enongh, the water, and then the sand, 
was added in the proper proportioOB. Wien 
the cement and sand nere thoroughly mixed, 
the moiar was withdrawn by means of a 
sbovel — held in a oontniry direotion to the 
rotation of the pans — and placed in a hand- 
barrow, In which it is wheeled to the required 
points of the work for use. 

Under ordinoTT circnmstances such an 
arrangement is not desirable; but in all pro- 
bability 'he engineer in ehai^ of the works 
had q>erial reasons for such an adaptation 
of the cement-grinding and mortar-mixing 
machinery. If the cement used was qnick- 
setting in character, much danger was in- 
Ourred by osing it bo freslily ground ; and if 
of a slow-setting, hard-burnt nature, the 
machinery applied wns inadequate to extract 
its greatest value. An spplioation of such a 
principle is only poBsible where the neceuary 
sdentiBe control and experience is attainable 
at B reasonable oost. 
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Tbemorlu-mliiiiginBcbitieBJuBt mentinnedma; be used for concrete making where the practice 
ia adopted of roiling the Kggregstea with a pieiioualj-prepaied mortar, ai in the case of belon, and 
whioh fonni the distinctioo between the French material and Eagliah ooaorete. For oancrele 
niizlDg there have been several machines naed in this conntry, more portioaJarlr in the Main 
Dninage Works of London, and in the worka oonneoted with the improTement of the river Tjne, 
TheiMt machiDea wen, however, of an eipenBive and complicated character, and theii lue oould 
only be poesible on works of oonsideiable magnitude. For ordinary pnrpoeea, and in connection 
Willi houae-bnilding operations, much less complicated and cheaper machines are required, the 
■impleat of which is that used in the ooustruction of the bridge over the river Tbeias, Hungarj. In 
thia maohine the mortar was proviouslj prepared and thrown together with the stones or aggregates 
into a hopper oonneoted with a ojlinder open at both ends. The cylinder was 13 ft. long andl ft. 
in diameter, inclined at an angle of from 6 to 8 degrees. The cylinder was made to revolve at a 
■peed of twenty rarolutions a minute, the power to accomplish this being applied by a driving belt 
plaoed round the exterior surface of the cylinder, which acted as a driving pnlley, the inner snrfaoa 
of the oylinder being smooth, and lined with sheet iron. By this machine the Uicrough incorpora- 
U<m of 120 onb. yds. of concrete was acoomplished daring a working day of ten hours. lu eon- 



a shape that when half flUed with material, and torned ronnd on its axle, the material encicaea is 
turned o«r, aidewayi as well sa endways, four time* by each single revolution of tte mixing 
TCMel. It ij fitted with stiong top and bottom dooit, and is made to revolve on its central axu by 
meani of wheel and piniim gear, and U tnonnted on a trally raited to any gauge of rails, ix it 
may have pUn wheeU for an ordinary road. 

A, swbig jib <w davit at one end of the trolly carries a hopper, which conUins one ohaKe of the 
materials, and a tank at the other end oontaina one charge of water. The mode of working u aa 
foUowa : the trucks carrying the material nsnally run on the wme line as the mixing "nf™"?? = 
the materials for one charge we filled into the hoppa'. 'bioh it turned over the top, and is du- 
cbanred into the mixing vessel, into whioh the oontents of the water-tank are also emptied. The 
mixing temel U then set in motion, and in about seven or eight revolutions aU the materials ars 
ainalKainated : the door at the bottom is then opened, and the vessel emptied. .. v j 

W^M this ia being done, the hopper and tank are filled, and their oontents again diseba^ed 
into the mixing veeael. t. _j 4 

PraoUea hu shown that the beat charge for the hand-worked machines is half a onbio yard, and 
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this quantity Ib turned out every six minutes, except during the changing of the empty for the foil 
wagonB ; the quantity mixed a day is about 45 yds. A much better result is obtained from these 
machines when worked by steam, but as hand>worked machines they are found economical in oast 
of labour, whilst the quality of the work is far superior to that obtained by the most careful and 
laborious hand and shovel mixing. 

This machine was specially designed by Messent to obtain a thorough mixture of materials in 
the large concrete blocks so extensively used in the Tyne piers at Tynemouth, and at the same 
time to dispense with the necessity of breaking to a uniform size the stones which are ready to 
hand of very irregular form and size, and it was found to accomplish the object for which it was 
designed with great economy in time and labour. 

LINK-MOTION. Fb., M^canisma de renversemetU ; Geb., ScMdersteuentng s 8pak.« Bifia 
(trticuiada. 

Bee EHGnns, Varieties of. Valteb. 

LOCK. Fb., Ecluse ; Oeb., Schleuse ; Ital., Conca, Sottegno, 

Locks and Lock-gates. 

Harbours which do not possess a sufficient depth of water, at low tide, to keep the vessda within 
them afloat, reouire artificial appliances to render their advantages practicably available. The 
means employed for this purpose is the formation of deep-water basins in which the water is 
retained at a sufficient level when the tide recedes. The retention of the water at such times is 
effected by means of gates which, though they do not fulfil exactly the same fionctions as the lock- 
gates of a canal, are yet <^led lock-gates on account of their common essential function of main- 
taining, at pleasure, two immediatelv adjacent bodies of water at two different levels. Beyond 
these gates, between the basin and the sea, there is always a walled approach or channel more or 
less broad subject to the motion of the tide, the chief purpose of which approach is to protect the 
gates from the waves of the open sea, but which also serves as a place of refuge for small craA^ 
(Sometimes half-tide basins are constructed between the approach and the deep-water bann prop^. 
Besides these, there are in some cases dry or graving docks situate beyond the former, and 
requiring similar gates, though their purpose being to keep the water out instead of retaining it, 
they close in the contrary direction. In an able memoir read before the Society of Civil Engineen 
of Paris, by Svlvain Pe'risse, entitled ' £tude sur les Fortes d'^luse 2k la Mer,' P^isse states that, 
by reason of their position, form, and pttrpose, lock-gates may be classed under five heads, namely, 
outer or ebb gates, inner gates, sea gates, dry-dock gates, and scouring gates. Our attention, 
however, will be confined almost exclusively to those of the first kind. 

Outer or Deep-water Basin G'afes.— These gates are designed, as we have already said, to retain 
the water in the basin at a certain level when the tide recedes. They are placed between two side 
walls, which determine the breadth of the passage, and which are recessed to receive the gates wh^i 
open, in order that the latter may not encumber the passage. Each gate or leaf turns about an axis, 
Ciilled the heel-post, standing vertically in the hollow quoin, so tiiat when the two leaves are 
brought together the consequent thrust may be received by the heel-posts and transmitted to the 
quoins. Hence it is important that the latter should be constructed of hard stone, of large dimen- 
sions, and prepared with the greatest care. 

It is indispensable to the working of the gates that a space should be left between them and the 
floor of the gate-chamber ; and to prevent the escape of the water beneath them, as well as to afford 
them a lower point of support, the floor or apron Is provided with a projection called a mitre-foll, 
the angle of which corresponds with the point of contact of the two mitre-posts. 

One pair of gates is sufficient to form a basin, but in large ports two are nearly always 
erected, either close together, if space is wanting, or a hundred yards apart, so as to form a lode- 
chamber. The chief purpose of the double gates is to be prepared against an accident happ«iing 
to one of them, and to enaole repairs to be effected. Other advantages accrue from them, however, 
such, for example, as the distribution of the pressure over the two pairs, and the use of the loclc- 
chamber as a half-tide basin, or as a wet dock. In places where the current is strong, and where 
the gates, if single, could not be safely worked, lock-chambers are employed, especially in times of 
spring tides, and when a certain numoer of vessels have to be taken in and out. 

Wlien the tide is coming in, the surf beats against the back of the gates often with considerable 
violence. The effect of this is to open the gates in spite of the pressure of the water inside, whic^ 
stands at a higher level. The means to counteract this force generally emploved in France is the 
use of portes'valets. These are a kind of gate usually composed of a heel-post about which they turn, 
and a stout top cross-piece supported by a strut resting against the lower end of the heel-post. . 
These are erected in the opposite end of the gate-diamber, and their ends brought round tiU they 
abut against the leaves of the gates, which are tliereby prevented from opening. In England jwrle*- 
valets are unknown, partly because the ports being mostly situate in the mouth of rivers, the gates 
are leas exposed to the action of tlie waves, and partly because the gates are sufficiently hetd bj 
the chains connected with the hydraulic machinery employed to open them. Of oaurse, as the 
portes'valets shut back behind the gates when the latter are open, the recess of the gate-chamber 
must be made deeper to receive them. 

Lock-gntes are opened and shut bv means of chains affixed to the leaves in the middle of their 
height, or lower down ; they are usually four in number, two on the down-stream side and two on 
the up-stream side of the leaves, and pass over friction-rollers and guide-pulleys to the apparatus 
by which they are hauled in ; this apparatus is often a windlass, and the tune required to <^)enthe 
gates by this means is frequently as long as fifteen or twenty minutes. But in Um country 
hydraulic P|>wer is employed for all large gates, by which the time is reduced to one or two miuut^ 
at most. This is an important advantage in much-frequented ports, especially at times of spring 
tides. 

There are two systems of letting the water in and out of the lock-chamber ; one is that of slnioes 
worked from the foot-bridge by means of a rack and piQion, as in common canal locks, in the other, 



LOOKS AND LOCK-GATES. 2298 

a culTeri if oonitnicted 'uudde the side wbILb, and provided with sluioee worked by apparatus placed 
upon tiie quays. The latter syBtem is preferable on aooonnt of the double advantage it poflseases of 
being more readily worked, while it does not ezpoee the leayee to the wear and tear consequent, 
upon the opening and shutting of the sluioes, and the passage of the water. In France, Uiese culverts 
are always constructed of masonry ; but in England oast-ixon pipes are often used, probably on 
account of their being mudi cheaper. 

Inner Gatet.— These are gates affording communication between two contiguous basins. They 
are not equal in importance to the outer gates, but they require the same careful construction, 
especially when the outer gates are single, as thev have to replace them in case of accidents. They 
differ from the preceding only in their smaller aimendons, more simple working, and in having 
the sluices in the leaves. 

Sea Gates, — ^The use' of sea gates is to prevent the entrance of waves from the open sea ; conse- 
quently they act in the contrary direction to the others. At the time of the construction of the 
look, a chamber is made beyond the outer gates, having its mitre-point directed towards the approach. 
This chamber does not always receive a pair of sea gates, but they may be erected in case it should 
be required to use the chamber as a dock to examine and repair vessels in. But it is advisable to 
have them in harbours exnosed to violent fluctuations of tide, such as are common in tropical seas. 
In those cases they are called hurricane gates, and are constructed of open fhunework, that they 
may fulfil their functions the better. Sometimes, especially in England, sea eates are in the form 
of vertical caissons, convex on the side of the sea. These caissons are floated into their position. 
As an example we mav cite that of the Victoria Docks, constructed in 1858, and having an opening 
of ,79 ft. from side wall to side wall, and a height of 31 ft. It weighs about 90 tons, and costs only 
about 2000/. 

Dry-dock Gates, — ^Theee are a kind of floating ooffer-dam, usually of iron, and of very largo 
dimensions^ as they are reouired to close an entnmce having a breadth from side wall to side wall 
sometimes as great as 100 ft. But as it would be beyond tne scope of the present article to enter 
into details concerning these gates, a description of them must be sought under other heads. 

Soourmg Gates, — The use of scouring banns is to wash away, by means of a strong current at low 
water, the deposits which collect at the bottom of the deep-water basins. The gate closing the 
entrance to a scouring basin usually consists of a single leaf turning about a vertical axis pished a 
short distance from its middle. In the larger portion there is a sluice, the dimensions of wnich are 
calculated to render the smaller predominant when the sluice is raised. By these means the water 
may be retained or released at pleasure. It must be remarked that by reason of tiie difference in 
the two portions of the leaf, the flood opens the gate, and the ebb closes it. 

Breadth between the Side Walls, — The distance between the side walls has naturally increased with 
the size of vessels, and up to 1856 engineers, in consequence of the difficulty of constructing gates 
of large dimensions, and more especially of their great cost, had adopted the breadths absolutely 
necessary to the largest ship then existing, or in course of construction. Thus, fh>m the breadth 
originally fixed at 40 or 43 ft. in the last century, we have passed successively to 50, 60, and 70 ft. 
But about the year 1856 it was deemed expedient to take into account tiie probable future increase 
in the size of sea-going ships, and an inquiry was set on foot for the purpose of determining the 
ratio existing between the breadth, including the paddle-boxes, of paddle-ships, and the draught 
of water. The results showed this ratio to be nearly constant, and equal to about 3*75. The 
maximum draught of water having been fixed at 24*6 ft, in consideration of existing depths both 
in Europe and in America, the maximum breadth of paddle-steamers was estimated at 24*6x3*75 
= 92*25, a breadth which has not yet been reached. 

It was in consequence of these investigations that the great lock-gates of Liverpool and Havre 
were decided upon, having an opening of 100 ft. Since tnat time (1860) the breadth of the gates 
constructed has varied from 50 to 100 ft in England, and from 50 to 80 in France. Now that 
paddle-steamers have been almost abandoned, in conseouence of the nearly general adoption of the 
screw-propeller, this breadth is being reduced, as the hull of the largest vessds, with few exceptions, 
does not exceed 43 ft in breadth. The distenoe from side wall to side wiJl which seems to be 
adopted now varies between 54 ft and 72 ft. 

Ifatwre of the Materials employed. — ^Aa we have already stated in our article on Pocks, it was found 
necessary, as lock-^tes increased in size, to abandon wood in favour of iron as the material of con- 
struction. Native tmiber of sufficient soantlins could not be obtained, and recourse was of necessity 
had to timber of foreign growth, such as Quebec oak, the red and yellow pines of Canada and the 
United States of America, Memel pine, and the green-heart of British Guinea. But, with the 
exception of the latter, which is expensive, and perhaps East Inditin teak, which is still more 
expensive, all known timber when immersed in salt water is attacked by worms which destroy it 
in a very short time. The most common, as well as the most destructive of these, is the Teredo 
navalis, whose ravages are confined to the heart of the wood. Two means have been resorted to for 
the purpose of protecting the wood against tiliese worms, one of which was to steep it in a solution 
of creoaote. This at first gave excellent results, but is now considered insufficient The other 
means consists in covering the surface of the wood witJi large-headed nails. This means, which is 
very effective, is generally adopted in France. As the worms do not ascend higher than the low- 
water mark of the neap tides, it is requisite to extend the nails only a short distance above thia 
point Under any cirourostancee, however, wooden gates an not very durable, and the cost of 
repairs is considerable. These considerations led to tne adoption of iron fat the principal parts of 
lock-gates. But these mixed constructions, in which expansion, infiuence of moisture, elasticity 
and resistance for unity of surfiMse wero so widely different failed to realize the expectations formed 
of them, and they wero abfmdoned in favour of iron alone. The first important constructions com- 
posed wholly of this material wero those of the Victoria Docks, near London, erected in 1857, and 
in the year following others were constructed at the Jarrow Docks, upon the Tyne, on the same 
Bystem. About the same time, the use of iron was rejected in Fnmoe for the great gates at Havre, 
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and it was not till eight yean later, in 1866, that the General Oonncii of the P<mU et 
authorized the oonstmction, at Boulogne, of the first large gates of plate iron. In tbe foUoiwiiig 
desoriptions of tlie principal gates at present existing, we shsll have occasion to point ont the main 
advantages resulting from the employment of this material. 

Before entering upon these descriptions, however, we must call attention to the old mode cf 
constructing wooden gates. Originally they were hraoed diagonally with either single or doable 
struts, and the deading was generally parallel with the bracing. The latter have the disadvantafe 
of weakening the cross-pieces, by the notches and mortises which they necessitate. Later, as ZDe 
knowledge of metallurgy progressed, double iron ties, that is, applied to both the up-stream and 
down-stream sides of the leaves, were adopted. This enabled the cleading to be placed vertically, 
and so stay the cross-pieces. 

The numbers to the left of our figures illustrating the examples of lock-gates refer to the ywnofoa 
heights of the water, and all marked dimensions are on the mefaric system. 

The Wooden Gates at Dunkirk, — ^These gates. Figs. 5127a, 5128, wmch were erected in January, 
1856, offer several remarkable points. Each leaf has a double diagonal oak bracing, or rather otmt, 
trom the foot of the heel-post to the up^ cross-piece at about two-fifths of its length from the heel- 
post. Additional security is given to this portion of the leaf by a tie-rod. llie only bracing beyood 
this is a tie-rod from the upper cross-piece at the point where it receives the stmt to the lower end 
of the mitre-post. These gates therefore furnish a good example of the simultaneous employment 
of the strut and tie-rod. It will be observed that the cross-pieces are weakened by the paimfng of 
the strut only in those points where the moments of fiexion are relatively weak. 

The cross-pieces, exclusive of the top and bottom pieces, which form with the posts a reotangolar 
frame of native oak, are nine in number, and are of red Northern pine ; these, with the upper and 
lower pieces, give 10 spaces, varying in height between 10 in. and 2 ft. 4 in. Each croas-pieoe is 
composed of two pieces ; the one of the down-stream side is straight, and reaches from heel-poet to 
mitre-post, a distance of 85 ft. ; the other presents on the up-stream side the curve of the leaf, and 
is only about 29} ft. in length for the upper cross-pieces. They are mortised into the posts* and 
tightly wedged and pinned. Five series of vertical oak supports or stiffeners, 12 in. x 10 in. on 
the up-stream side, and 12 in. x 4 in. on the down-stream side, bolted together through the leaf; 
and strengthened by iron bands, upon which the heads and the nuts of the bolts rest, bind, with 
the cleading, the cross-pieces firmly together, and at the same time serve as guides to the three 
sluices. The position of the latter has been determined, so that the water-ways are outside the 
two tie-rods. Each sluice has four water-ways 9( in. high, and 8 ft. 3} in. broad in the ^nt^ and 
2 ft. 11} in. in Uie other two. 

Addition^ strength is imparted to the leaves by two stout iron cramps upon the upper erase- 
pieces ; a strong iron band enclosing the posts, and tightly screwed up, and, between two tie-ioda 
2 in. in diameter, for the purpose of holding the heel-post and mitre-post together, and maintaining 
rigidity in the horizontal direction. The lower end of the heel-post has a bronze socket or step, 
resting upon a pivot of the same metal, fixed in the masonry ; at the top^ the post is held vertical 
in the quoin by means of an iron collar, which, by means of two tie-rods, is anonored hack into the 
masonry of the quay. 

The following are the principal dimensions ; — ^Distance from side wall to side wall, 68 ft. 10 in. ; 
height of the upper cross-piece above the mitre-point, 23 ft. 1 in., thus giving a surface of 1578 so. fl 
Lengtti upon the axis of a leaf, 88 ft. 7 in. ; total heic^ht of the leai; 23 ft 9 in. ; thibknees of Jea^ 
in the middle, including the cleading, 2 ft. 11 in. ; thickness at the ends, 1 ft. 7 in. ; thieknes of 
the pine up-stream denuding, 3} in. ; thickness of the oak down-stream cleading, 2} in. ; breadth 
of the heel-post (of native onuc), 1 ft. 11} in. ; breadth of the mitre-post upon the axis of the leal on 
the up-slieam side, 1 ft 10 In. ; on the down-stream side, 1 ft 8( in. ; mean, 1ft. 6f in. ; depth o€ 
the lower oross-piece, 1 ft. 4} in. ; depth of the upper cross-piece, 1 ft. 5| in. ; depth o^ the four 
bottom intermediate cross-pieces, 1 ft 1| in. ; depth of the five top intermediate cross-pieces, llf in. ; 
diameter of the heel-post at the collar, 1 ft. 5| m. ; neatest section of the half-strut^ 1 fl 3f in. x 
9f in. ; section of the iron ties, 5 in. x llf in. ; thickness of the portea-vaietsy 1 ft. 51 in. ; depth of 
the gate-chambers, 5 ft. 6} in. The total cost of these gates was about 8000/. The highest level of 
the equinoctial spring tides, the mean level of the ordinary spring tides, the highest level ci the 
neap tides, and the mean level of the neap tides, are marked in the figures 1, 2, 3, 4, respeetivelT. 

The Wooden Gates of the Deep-water Basin at 8t Nazaire, Figs. 5129, 5130.— These gates, the 
side wbIIb of which are 82 ft. apart, are worthy the attention of engineers on account of tiie peea- 
liarity thev possess of having no posts, strictly speaking. All the cross-pieces extend on one side 
to the hollow quoin, and on the other to the opposite leaf, and they terminate at each end 
according to the same profile. The plane surface in contact at the end is about 12 in. broad 
rounded off from the down-stream face with a radius of 3 in., and from the up-stream face with 
a radius of 9f in., forming on this side a quarter of a oylmder, in the centare of which are the 
gudgeon and socket upon which the gate turns. In consequence of this arrangement the hollow 
quoins are of a special form, which seems more rational tnan the common round form, in order 
to receive the strains of compression due to the reaction of the two leaves. The lower portion of 
the leaf ia solid up to a height of 15 ft. 9 in,, that is, formed by placing twelve cross-pieces, 15} in. 
in depth one upon another, and held at the bottom and at the top by two other cross-pieces of 
iron (in plate of 4-in. and angle-iron 24 x 2f ), which with vertical |-in. plates completely covering 
the two ends of tiie leaves, serve as a framing. Bix series of intermediate pieces placed vertically on 
each side of the leaf and bolted together, assist in holding the twelve croas-pieces firmly together. 
Above the solid portion are two hollow portions, 8 ft 1 in. in height, separated by a single cross- 
piece, 1 ft 3} in. in depth, like the others, and above these another hollow space, 6 ft. 6f in. 
in height, surmounted by the top cross-piece, 1 ft. 3f in. in depth. The upper paxt of the le^ is, 
like the lower, held together by a cross-piece of plate and angle iron, joined to the bands on the 
two ends, which bands or end plates form a series of hoops placed one above another throngfaoat 
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□K thiongh its axis loDKitndiiiallj, which bolt U suffl' 
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kind of troaed giider, compooed of a straight Ue- 
beam onthedown-atrnm aide, of ISf-in. aamtling, 
aod on the Dp-otream aide of four arched pieoes, 
7} in. thick, and placed one over the other. Tvo 
of these pieces ranch the whole length of the \tat, 
whilst (he two innei ones are notched fato the tie- 
beam. Fig. 0129 shows between theae pleoee and 
the tie^ieam, towards the middle Ibr a length of 
•bont 20 fL, ft MriM irf spMee filled with wooden 
w«dgw driven in vertioallT with « monker. These 
hoH the eiQtt-pieoes flnnlf together. The clead- 
ing on the np-atreaio side is of wood, 3 in. thi^ 
■Bd extendi thionghont the whole height; but on 
Ibe down-ttMam side, it exists odI; aboTe the 
•olid portion, and is <i pUte iron, -^ In. thick 
being bounded by the two iron oraai'pieoeB, and 
having oonsequentlf a height of 17 ft. 2 in. 

The lower face of each leaf rests npcm two 
pain of Toiler*, altnate, one towards the middle, 
the other near the end of the leaf. The diameter 
of the rolleia U only 11 in. with a breadth of 
7 in. In oonseqaenoe of the light load Oief have 
to bear, Ibe floor ii not pronded with an iron 
roller path. The conditions of roUlnK »re hete 
evidently Very bad, by reason of the Insaffl- 
otent dimensions of the rollors, which had to be 
plaoed in the space, 11} in. in height, existing 
oetweo) the le«f and the floor. Bat If it is neoea- 
•ary in sooh esses to have rollers at all, it would 
•uiely be better to adopt an arrengement whiob 
would enable larger rollen to be med. 

The following are the principal dimensioni of 
these gate* ; — DUtunoe from side wall to side wall, 
82 ft. ; height of the top craes-piece above the 
tnltre-Doint, 82 ft. ; hence a «nr&oe of 2624 *q. ft. 
! a le«f upon the axis, 45 ft. i in. ; 



diameter of the upper ]dvot, 11} in. ; diameter ot the lower pivot, St in. 

The flnt pair of gates were consb'ncted, in 1856, of Prussian rea pine ; bnt for the second p*lr, 
ereded in 1859, pitch pine was choeen, which, among other advantagea, poaseeses that rf greater 
density. This condition of density will be recognilea ae of ooneidemble importsnoe, if we consider 
that, on the one hand, the weight of a loaf in air i« 123 French tomiei, with pitch inne wwgbing 
780 kUogrammea the cubic man, and that, on the other hand, the volume displaced by the solid 
portion of the leaf is 123 cubic mitres. 'The gates will therefore be very light, with the heights 
of water under which they are nsuall; worked, and, supposing red pine used, it would be necce- 
■iry to weight the leaves in order to ensure omper working. The first pair of eatee wpre built 
vertically in tbeiipreaent position. The seooud had to be constructed in the yard, and floated to 
their poeitioni. These were also built vertieally. Theaprightpodtioniatobeidiaaou inalloasM^ 
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for when ihe horinmtal Ib adopted, it is difficult to g^et at the lower aide. The cost of these gatflB 
was about 7700/. 

High water of the equinoctial spring tides, high water of the neap tides, low water of the neap 
tides, k>w water of ihe spring tides, and low water of the equinoctial spring tides, are marked oa 
the figure 1, 2, 3, 4, and o, respectively. 

The Citadel Gates at Havre.-— These gates. Figs. 5181, 51S2, which were finished in 1862, are 
remarkable for their exceptionally large dimensions. The distance from side wall to side wiJl m 
100 ft, and the mitre-point of the fioor was laid 11 ft. 6 in. below the low-water level of ordinary 
neap tides, that is, at about 9 ft. 6 in. below the lowest tides. There are no other gates in existence 
80 aeep and broad. The large gates of the Mersey at Liverpool and Birkenhesd have the same 
breadth, but thev are not nearly so deep. The depth of vrater at Havre at the full neap tides is 
about 28 ft., BO that the largest vessels may pass. 

The construction of the citadel gates offered great difficulties in the matter of finding timber of 
sufficient scantling, and it probably would be found practically impossible to reconstruct them now 
on the same system. It would be necessary to introauce modmcations so as to allow the employ- 
ment of smaller timber, or to adopt iron. 

The gates are double, and are situate 93 ft. 9 in. apart. The versed edne of the mitre«iU is 
between a fifth and sixth of the span, and was calculated so that the two leaves, when shut, might 
present on the up-stream side a single circular arc, having a radius of 107 ft. 4 in. The recesses 
for the gates are 59 ft. 5 in. long and 11 ft. 6 in. deep. 

The top of the gates does not reach quite up to high-water level of the neap tides; bat this 
height mav be increased, if required, by the addition of removable portions. The desire to obtain 

fates light upon the pivot, without incurring the tendency to rise when deeply immersed in the 
igh water of the spring tides, led the engineers to terminate the height of the gates at this level. 
In oonsequenoe of this arrangement the gates were suspended by ties, and they are capable of being 
moved without rollers, with which, however, they are provided in case of an accident lowering the 
vrater-level of the basin. Each leaf may thus rest upon two rollers, one situate near the mitre-poet 
and the other at about 29 ft. 6 in. from the pivot. They are about 15} in. in diameter and 5{ in. 
broad, and they may be raised or lowered by means of jack-screws upon the foot-bridge. They roll 
direcUy upon the fioor of the chamber. 

Each leaf is composed essentially of two posts of French oak, connected by twenty-three oross- 
pieces 1 ft. in depth of Prussian pine. These cross-pieces are placed in contact one upon the other 
so as to form in reality only three immense cross-pieces. Tlic bottom one consists of eighteen 
pieces, giving consequently 18 ft. of solid wood. The middle one oonsLBts of three pieces = 3 ft, 
and the top one, being composed of two pieces, has a depth of 2 ft. Each partial crosa-pieoe 
is a solid trussed girder 6 ft. 6 in. broad in the middle, and 52 ft. 6 in. long from post to post ; it is 
straight on the down-stream side, but presents on the side of the pressure a pretty sharp carve. 
The nature and construction of these cross-pieces are the same as in the St. Nazaire gates. They 
are firmly bound and bolted to the posts, and the various pieces of which they are composed are 
held together by numerous vertical and horizontal bolts, and five series of vertical sturrups. The 
ties are double upon each face ; the longest, which is about 65 ft. long, is attached to the heel-post 
above the collar. The latter is in two pieces of wrought iron, and the wooden pivot whidi it 
encloses is 2 ft. 6 in. in diameter. The lower pivot and socket are of bronze, the former being fixed 
in the post. This arrangement renders the socket liable to become obstructed, but, on the other 
hand, the poet is less weakened. No play was allowed between pivot and socket — a condition that 
is certainly open to obiection. Each leaf is provided with two sluices arranged symmetrically in 
the first space near the two posts, in order that their projection upon the curved face may not 
prevent the leaf from being shut oack dose into the recess. The breadth of the opening of the 
sluice is 6 ft. 6| in., and the height 2 ft. 4} in. 

The following are the principal dimensions; — Distance from side wall to side wall, 100 ft.; 
height of the top cross-piece above the mitre-point, 29 ft. 8 in. ; hence a surface of 2980 sq. ft 
Length of a leaf from the outside of the heel-post to the middle of the part in contact, 57 ft. 6 in. ; 
height of the leaf, 82 ft 4 in. ; total thickness of the leaf in the middle, 6 ft 10 in. ; thickness at 
the heel-poet, 2 ft. 11^ in. ; thickness at the mitre-post, 2 ft. 1 in. ; breadth of the surface of contact 
of the two leaves, 1 ft 3 in. ; height of the mitre-sill, 3 ft. 8^ in. ; spiace beneath the gate, 
2 ft. 4| in. ; height of the foot-bridge above the leaf, 6 ft. 6 in. ; height of the coping of side walls 
above the gate, 13 ft. 2 in. ; dimensions of the heel-post, scantling, 3 It 3^ in. x 2 ft 11^ in^ length, 
89 ft 4 in. : dimensions of the mitre-post, scantling, 2 ft 7 in. x by 2 ft, length, 38 ft 8 in. ; 
thickness of the up-stream deading, 31 in. The high-water level of the ordinary spring tidea, 
high water of ordinary nean tides, mean height of water, low water of ordinary neap tides, and low 
water of ordinary spring, tiaes, are marked on the figuro 1, 2, 3, 4, 5, respectively. 

The total cost of these gates was a little over 33,000/. 

The Gates of the Port of Dieppe.— The cates of the Duquesne basin at Dieppe, Figs. 5133, 5134, 
recently constructed, are remarkable for their simplidty and for the arrangement of the cross-picoes 
at equal distances apart. They constitute a very good type, and Levoinne, the engineer, applied, 
in the calculation of their wooden framework, formulas which he had previously found for the 
fiexion of cross-pieces bound together by a eystem of vertical trussing — a fact that gives them an 
additional point of interest. 

The distance from side wall to side wall is 54 ft. 1 in., and the height of the lop main croes-pieoe 
above the mitre-sill is 26 ft 5 in. The sill Ib exposed at low water of ordinary spring tidesi and 
the high water of the equinoctial spring tides rises above the gate by about 12 in. The latter 
is formed of an oak framing, the posts of which are connected by dght similar fir cross-picoes, 
forming with the upper and lower cro8s>pieces nine equal spaces. The vertical and equidistant 
pieces constitute a trussing; each of these is formed of two pieces, one 15| in. x 11| in. on the 
iubide, and 15i in. x 5f in. on the outside, and is notched 2 in. deep over oioh cross-piece. The 
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latter i« famed of two pieces, the one on the dom-gtresni dde itnight, the oUnt ctured mmI 
sbntting upon it near the ends, the two being boimd together by bolt*, k m to constitute k nagln 
pieoe, hftTing s tbiokneaa in the middle of 2 It. I in. 

Tbe leaf ia empended upon ita doable-tie, the «tr«ln nftm which {■ tnuismitted directly to tfaa 
mUmt. The deadinx on the DD-Btretun Hide Uofoikk Sim. thick. There are two alnieea in euh 
leaf. ThetotUIengtiioftbe [eafiB8SrLeiiL;tbeheiKbto(UMleafpnipeT,Z7R.:HidthelotBl 
height of the g«l^iDclndingtluflnwfiace(i»miDgttwlbot-biii]«e,iaS3'S in. Thegateiaraiut 
nailed to prerent the laTCgea of wornu, probably becntue the dll la very high, and eol; the bottoan 
aow.pieae i> ntoated below the low-water level of neap tidca. The flgvea 1, i; 3i 1, <"■ the mrtxal 
•eetion, Fig. 5134, repre«<'iit reapectiTely the high-water level of the eqiiinoctial apring tide^ high 
water of oidinary apnng tide«, high water of otdiaarj neap tides, and low water of ordinary neap 
tldea. The cost in tbu instance was about ITOOf. 

Mixad Gattt at Fifcamp. Fi^e. 5139, 5136.— These gatee, which were oonetroctad in I8G1-5, we 
call mixed, became the oroee-piecee are of wood and iron ; all the other parte are of wood, and their 
arrangement ia that generally adapted for wooden gates. We ehall therefore merely gire tha 
principal dimensions. The timber oaed was Qoebeo oak for the poets and the top and bottom 
oross-pieoee, and yellow pine foe the intermediate pieoce. The following are the pniicipal dimen- 
sions; — Dietanoe from side wall to aide wall, 54 ft. ; height of the top cross-piece above the mitre- 
polnt, 32 ft. 6 in. ; length of a leaf from outride of heel-poet to the middle of the part in ooDtact, 
SI n. 2 in. : thiokneas of the leaf in the middle, 2 ft. 1} in. ; thickness at the ends, 1 ft 7} in. ; 
height of mitre-eill, 1 ft. S} in. ; versed aine of sill, 10 n. S in. : length of the iron sdengthaning 
on>B«-pieoet, 2C ft 6 in. ; thiokneas of the up-Btream cleadiDg, in yeltow pine, 4 in. ; thickncM of 
the dowu-etieam cleadin);, in oak, 2) in, ; scantling of the heel-post, 24 in, x 19 in. ; eoantlii^ id 
the mitre-poet, 21 ia x 19 in.; scantling of the croee-pieoes, about 9 in. x 17 in.; eectioootinn 
atay (two to each croas-pieoe), a web of } in., and two angte-irona of ■ ' — ; aeotiaiafiTan 

ties. Si in. x H la. 

High water of ordinary spring tidea, high water of neap tidea, low water of neap tidea, and low 
water of ordinary spring tides, are marked on the vertical secllon of Fig. 5156, 1, 2, 3, 4, leapeetiTalj. 
The coat of these gates was abont 4.100(. 

Tha Bmiiogiu Iron Oalu, conttmcUd in IB6&-7.— Tbeae ale the first iron gatea ever erected in » 
Frenoh port. They ooi^titnta the onter gatee c^ the new deep-water basin ; the inner gatei being 
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eautmoted of wood and iron. The exoeptional ooadilioiu in whtob thew s>tM b»d to be plaoad, 

kd to the adoption of lion u the nmteriai of ocnutruotion. Ijut the timidity of the sngineen in thii 

maltei wm «uoh, that thej' determined to ooiutniot, aide bj 

aide with thiim, wooden Katea of the maw dimetuiona. Outer sua. tiw. 

gatea mnst be oapable ol being opened and shut bI all atalea 

of Uie tide, and thej ara espoaed to the actioo of the surf, 

which, with certain ninda, runa vet7 high at Boologae. Cua- 

aeqaentl;, with this donble condition, toera wu little ground 

for heaitatioo. Indeed, wbateTer tho depth of wal«r upon tbe 

Bill, even if there ia onlj 9 or 10 ft., ^tea moat torn upon 

lollera, and therefore niuat be made aa light aa poeaible on the 

anppoaition of non-immereion. Iron poaaeBses over wood tbe 

donble adrantage of giving lighter and more rigid gates : that 

it, better fitted to hear the exceptional atraina reeultiog from 

partial immersioa. And witb regard to tbe action of the wavea, 

iron gates are in better condition of reaialanoo, aince, being 

oompoaed oF hollow oompartmenta, their weight may be inoreaaed 

at pleaaiit« by letting water into them, and in thia state they 



Aa thne gatea at Bonlogne^ Figa. S13T to S140, were designed 
by the French enginoera, alter a oaieful examination and atody 
or the principal iron conatmctions of a like nature in EngUnd, 
they may be taken aa repieeenting the hi^ieat atwe yet at- 
tained in the art of look-gate building. We ah»U therefore 
give, in thia caae, a mcoe detailed deacriptlon. 

The diatance from aide wall to side wall. Fig. 5111, it 68 fL 



SI ft. 6 in., and the eqiiinoetial tidea give a diffeienoa of level o. 
29 ft. 4 in. ; oonaeqnently, tbe lop of the gate exoeeda tbe highest 
tide by about 61 In. 

Each leaf, 'Figa. S1S7 to 5140, may be oonddered aa a kind 
of caiaaon, eloaea npon its aix faoca, rectangular in height, with 
* plane tnifaoe on Iha ilown-etream a'de, and a onrved anrfoee 
on the other, having a radiiiaof 146'22fL The ends are covered 
with wood to aerve aa heel and mitre poata, not from the point 



with the aill MO SMwd with wood. The leaf ia divided hort- 



sod nipporled between by three verttoal diaphra^nu of luge 
diracnuinna. Thia ansngement is the flrat application loek- 
gatea of the leralta <rf ezperimenta made by Ohevalliar, to whioh ' 




we ihatl bava nccaaion (o refer later. Tho leaf ia divided, by water-tight 
diaphragm^ into three horiiontal chanibert ; — 

The lower air-cbamber, comprising four compartmenta, and having 
aheightof 12-40ft. fiom axia toaila of the platea. 

The intermediate air or water-chamber, oorreajionding to three com- 
partments, baa therefore a beijjbt of 9 '34 ft. 

The upper water-chamber, oomprising tbe other three compartmenta, 
having together a lietght of 9 '84 ft. ' 

Ctmaequcntly tbe leaf has a total height of 81 '68 ft., meaanred from 
the aiia to tbe axis of the eitrtme orosa-pieoea. The oompArtmenta 
are all S'll ft. in height, with the exception of the Imttom and top comoftrtmenti, the former of 
whioh ia 2'95 ft, and the latter 3 31 ft. The length of the leaf, meaanred from the ontelde of the 
wood-liniDgofthe hollow quoin to the middle of the face of contact of the mitre-poata^ i«40'tOft. 
The height of the aill ia 13'7 in., and tbe riae is one-fifth of the span. 

Inner Crau-piecti, Figa 5138, 6142. — Theae are all aimilar, and are In the form nf 
double-X gIrderB, eompoeed of a web -US In. thiok, fonr anglo-irona — .' and two 
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R*K In 

flft^^ .OQ . -» 71^6 height of the web in the middle is 2*88 ft, and towarda the ends, 1*60 ft. 

The vened sine of the curve of the npHBtream face is therefore l*27fl. Tliese webs are in three 
pieces, joined by double fish-plates. Three man-holes are provided in the web 
of all the croBS-pieoes. 

Bottom Cross-piece, — ^This also is in the form of a double-T girder, with a web 

S*93 in. yc 3*93 in «=» i 

•62 in. thlok, and four angle-irons ^^r-. •' , the height in the middle 

'04 in« 

being 2-95 ft., and at the ends 1*67 ft. The web and the two angle-irons on the 
up-stream sides is interrupted by the roller; but the requisite rigidity has been 
given to the chamber, where this occurs, b^ means of gusset- piuces. 

2bp Cross-piece. — ^The dimensions of this piece are the sama as those of the 
bottom piece. The web is sufficiently broad to cover the skins. 

Shutting FosU.—Thead consist of a plate 19*68 in. x '62 in., bearing, internally, 

, . 3-93 in. X 3-93 in. * u- i. *i. * *. x_ ^ . 

two angle-irons ^^ , one of which, that on the up-stream side, is open 

*0U ID. 

at a suitable angle to receive the plates fanning the skin. The heel-post has 

4-71 in. x3-16in. 



besides, externally, an angle-iron 



50 in. 



the short arm of which abuts 




upon the wood lining of the hollow quoin. To give great stifihess to these ports, which 

are subjected to the strains of compression due to the reaction of the two leaves, 

they are provided internally with a series of vertical T-irons, reaching from one croes-piece 

to the other. 

Vertical Ihtssing, — ^In consequence of their importance, these pieces had to be constructed in the 

best conditions their system allowed. They could not be continuous throughout, on account of the 

cross-pieces forming the horizontal diaphragms, and it was necessary to have man-holes through 

them. To satisfy these conditions, these vertical pieces are composed, inside, of a series of quad- 

3*93 in X 3*93 in 

ruple angle-irons ^-i ■* ; these angle-irons, joined together by four triangular gusset- 

* Ox in. 

pieces of '39 in., are bolted to the webs of the cross-pieces and to the skins, upon which, however, 

8*45 in. 
a large outside plat-band or strip has been added . ' , extending throughout the height of the 

d*o9 in. 

leaf, for the purpose of increasing the resistance, and with this, a series of double plates, 8 * 45 in. broad, 

forming a lining between the strips and the horizontal joint-plates. The mean horizontal diatanca 

from the outside to the outside of the strips, that is, the depth of the section of the vertical pieces, 

is 3*19 ft. for the central piece, and 2*87 ft. for the other two. 

Skins, Figs. 5137, 5142.— These are the same on both sides. Their thickness varies by -07 in., 
every second compartment being successively, beginning at the bottom, '62 in.,*55 in.,'48 in.,*41 in., 
and *34 in. The contract required '69 in. for the bottom plates, but it was found in practice tliat 
plates over '62 in. thick could not be properly tightened up by the rivets. The consequence of 
tiie substitution of *62-in. plates was to diminish by * 19 in. the height of the bottom ocnnpartment, 
which is only 2*952 ft., and to add between the vertical diapliragms a framing of angle-iron, the 
effect of which is to make the skins rest upon nearly square panels, a condition evidently &vour- 
able to their resistance. The joints in the skins are covered with strips of plate 6*58 in. x '39 in., 
which, upon the cross-pieces, double the section of the flanges. At the mitre-post end the plates 
are carried out 2*36 in. on the down stream, and 7 in. on the up-stream side, so as to overlap 
the wood. 

Sivetings. — ^The rivets are f in., and are from 2} in. to 2{ in. apart from centre to centre. The 
rivets in the vertical diaphragms are a little thicker, |- in. 

Man-hole Passage8.^Each. leaf has two passages affording acceaa, one to the air-chamber, the 
other to the intermediate air or water chamber. Thus an inspection is at all times practicable. 
Their section has been reduced to the minimum in order to reserve as much space as possible for 
the communication ways. They are oblong in section, 1 * 96 ft. by 1 * 14 ft., two half-circles 1 * 14 ft. 
in diameter, joined by a rectangolar portion of *82 ft. 

Step-piece and Pivot, Figs. 5137, 5140, 5143, 5144.— The step-piece is a massive piece of wrought 
iron of the same breadth as the leaf, and 5 ft. 2 in. long, and is strongly bolted to the 
bottom cross-piece. The brass 1 * 14 ft. in diameter was oored to 8*65 in., and furnished 
internally with a disc of steel presenting a concave surface on the lower side. Tlie pivot 
is of cast steel, it is 7 * 87 in. in length, and 7 * 87 in. in diameter, and terminates in a convex 
surface. Thus, rotation takes place between two steel surfaces, between which it is 
impossible for foreign matter to get, since the socket is inverted. It must be remarked, 
too, that an annular space of * 39 in. is allowed between the pivot and its socket, an amount 
of play that seems indispensable to the proper working of the gates, when, by long service, 
or in conseqnence of the interposition of some obstacle, they have got somewluit out of 
shape in those parts which are in contact with the masonry. The step-piece and pivot 
are eccentric with respect to the quarter circle of the hollow quoin to prevent friction 
while the gate is beins opened. The eccentricity is about an inch, measured upon the bisectrix of 
the angle formed by the axis of the gate when open with the continuation of the same axis when 
shut. 

The Ring, or Upper Axis. — ^This is a piece of forged iron similar in form to the step-piece, except 
that the portion which is seized by the collar is solid, and is 11*8 in. in diameter. The collar 
is also of forged iron, and is held by two square iron straps 3*9 in. anchored in the masonry. 

The BoUer, Figs. 5137, 5139.— The fixing of this roller presents all the most recent improve^ 
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meats. It«)neaiidiiuneteriB25t iD^&nditabrcftdthTIfD. It ii Sied beneath tlie lefttia the Teocn 
Blreedjr alluded to. Tlie roUei ia eligbtlj conical, and ii mounted apon a lon^ axle, i'95 ft., after 
the eiample of the CbIbU gatoB ; tliu u a good arraDgemeat, ennbliiig the Toiler to work nitliout 
■lidiDg upon itt path. The direction of the axle, produced towards the pivot, piusea through the 
Tertieal of the centre of gnvilj of the leaf: its bearing ineida tLe roller is I'Gl in. in diameter, 
and it penetratei a support capable of being regnlated in height. The other bearing S'SO in. in 
diameter, works in a fork or slot in an iron sapporl capable of beiog r^ulaled by a large lerlical 
oolumii (JSd'S, having a screw thread on ila upper portion, and held bj a fixed nut upon the lop 
of the leaf. Tbil column passes up through a liollow cjlinder, the three lengths of which, oorreeponit 
Ing ezacllf with the tbtee chambers of the leaf, are render^ water-tight and adjustable by meaus 
of right and left screw-threads which serre to oompress iAdia-rubber washers till they are brought 
in contact with the oolamu, thus serving at the tamo time as guides. Fig. 5H5 shows the tight 
Dollar through which the oolnmn uffles at the floors of th« ohambers. Tlie roller 
path is of t^ iron, composed of eight segments of about 5 ft. in lengOi, and 
joined by fish-plates flzad with four bronie bolts. It i^ S in. In breadth, and is 
sunk 17 '7 iu. in the masonry of the floor. 

Acoasory Paris. —At a height of 4 ' 42 ft above the leaves, a foot-board or bridge 
exists on a level with the side walls, provided with a haiid-rail, the standards. 
Figs. S13B, 5146 to 5148, of which ore jointed BO as to allow it to be eaailv bwered 
or raised by band. Thus when the gates are opened, no part exceeds the height 
of the side. walls, and consequeDllr uotliiug ia in the way of ships passing in 
and out. The chain attaobments, Fij^ 5119, 5150, are at the extremity of the 
leaves and in about the middle of their height. Thev are atont cylindriral pieces of iron, fonning 
a half-link, IS'7 in. iu diameter, movable norixontally about a vertical axis firmly fixed to tha 
oorrespondmg cross-piece. Poor plaUviron ohoehs or brackets. Fig. S151, facod with wood it 
the thrust of the porta-valeia, or supporting gates. Double-gesr^ band-cr ' 
and shut the gate*, the winding drum being. Ua the former purpoae, IS'7 in 



if the porta-valeia, or supporting gates. Double-gesr^ band-crabs a: 
t gatea, the winding drum being, ua the former purpose, ] ' ~ ' 
6 in. in diameter. The timber Cicings of the shutting nil and poata 



heart. 




Coiutmeling and Placing n« Pcuttibn. — Tlo gates were built in the upright podtian In the 
chambers thenuelvea. Eacli leaf rested u)>on a kind of stocks formed of double wedgea, which 
kept it 3*93 in. aliove its destined final position, its distance from the hollow quoins being about 
2 yds. Tha direction of the leaves, oblique witJi reepect to the side walls, vras snoh that, when 
continued, it oorresponded with the pivoL To placo them in position, thei«fbie, a double oporalioa 
was neoewary, namely, a tTanelfition of 2 yds., and a descent of S'93 in. to t>ox the pivot; and it 
was requisite to perform these operBtiuDs without a sliock, on SfMutit of the instability of tlia l[«f 
consequent on its great nlative height. Two very simple and inexpensive applianoea, Figs. 5152, 
5153, were employed for this purpoee, and by their means the gates were placed in position in a 
few bouts. Euch of these consisted of an iron roller 3 '93 in. in diameter resting upon two beering 
blacks kept at an invariable dialasoe, the lower faces of which were inclined at 21° to the bori- 
toatal. An ananlsr projection upon one end of the roller entered a straight groove fixed upon the 
down-stream side of the leaf for the purpose of maintaining the motion of translation In the 
required direction. The two bearing blocks rested upon two cast-iron wedges inclined like the blocks 
at 21°, but twice as long, so that by gradual!; inoreaaing their distance apart by means of screws, 
the rollers were let down slowlj and gently. When one leaf was finished, it was made to rest 
wholly npoD the rollers hj knocking ont the wedge-shaped side blocks ; it wns thtn transporled to 
its pcvtioll by means of rack and pinion, and let down upon Its pivot in the manner deacribed 
above. The aollar was then fixed and the roller frames were (ree to be used for the other leaf. 



The VI 



IS heights of the tide, namely, bigli water of the equinoctial sprbg tides, high water 
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The syBtema and modea of coiiiftraotion of lock-gatea adopted in this oonntiy are ; — 

Woodm Gates. — ^The old type of English gatea waa the aame aa that originally auopted in 
Fiance, and which we have already deacribed. Bnt the neceaaity for larger gatea oonaequent oai 
tiie introdnctlmi of ateamera led to the adoption of other ayatema in which timber of ordinary 
dimenaiona conld atill be naed. The fliat of theae ayatema waa the potygonalf in which the croea- 
pieces oonstitnted a kind of traaaea interaected by one or more yertioal pieoea ao aa to form aeverel 
panels in juxtapoeltion and bound with iron. The upnitream &oe of theae gatea waa thna oom- 
poaed of a aeriea of plane aorfiBusea making very obtnae anglea with each other. At the preaent 
time, polygonal gatea are ciirtwi, at leaat on the aide of the preaanfe, ao that the two leavea when 
ahat form on that dde one cylindrical aorfaoe, whilst on the other aide the two area or the two poly- 
gonal perimetera are not confounded. 

The rise of the mean arc of the leaf ia very yariable ; though generally included between ^ and 
^ of the chord, it occaaionally exoeeda thoae limita. The two radii of eunrature are detenmned 
carefully to obtain a proper thickneaa at the three principal pointa of the leaf, namely, the heel- 
poat, the middle, and tiie mitre-poat. Theae thickneaaea are, aa a mean, io the following propor- 
tions for wooden galea ;— 7 to 8 for the middle, 6 foi the heel-poet, and 4^ at the extremity of tlie 
mitre-poat. Evidently there ia nothing absolute in theae^figurea. The nae given to the mitre-eill 
ia oonaiderable. The ratio between the apan and thia riae variea between 3 and 5, whilst in France 
it ia about 5. Engliah engineera are generally in favour of cylindrical gatea ; they poeaesa undoubt- 
edly the advantagea of bein^ more readily oonatructed of ordinary-eize timber and of requiring leaa 
material ; beaidea which their form, oonaidered from the point of view of resistance, ia more raticmal 
than that of atraight gatea, or of thoae curved only on the un-stream aide. But, on the other hand, 
they have the duadvantagea of requiring curved ailla, whidi are more expenaive and difficult of 
oonatruotion, and of being incapable of receiving aupport from tiea. In our article on Dooka we 
gave a Table ahowing a comparison between atraight and cylindrical gatea in varioua oonditiona, to 
which we muat refer the reader for further information on thia matter. 

Weight and Vdttme of a Leaf, — ^The weight of a leaf, not including the aooeBBory pieoea fixed in 
the maaonry, nor the amall quantity of wood, the weight (^ which doea not differ much fhmi that 
of the water diaplaoed by it, ia about 66 tone. On the other hand, the volume of the two air- 
ohambera, always immersed in the neap tidea, ia about 2204 oub. ft., oorreapanding to a lighten- 
ing of 6li tona, say 61 tons, allowing for the weight of the water retained 
npon the diaphragm bv the vertical arm of the angle-irona, and we have a stai. 

load upon the pivot and roller of about 5 tona. 

The aea oommnnicatea freely through three oriiloea with the upper water 
dhambo^ which oonaequently fills and emptiea itaelf aa the tide liaea and 
fhlla. Thia arrangement poaaeaaea the great advantage of keeping a constant 
weight of about 5 tona upon the pivot and roller in all tidea, which enablea 
the gatea to be eaaily opened and ahut, and pievanta anv aenaible wear and 
tear of the parte in motion. In case of waves beating heavily againat the 
gatea, their air-ohambera may be partially filled with water; thia water may 
DO allerwarda removed by pumpa. 

2%e Chrimdfy Docks^ on the Hfunber, Figa. 5154, 5155.— ^Theae gatea, which 
were oonatructed in 1848, are remarkable for the particular ayatem on which 
the^ were designed. They are straight in form, and their croaa-piecea, con- 
aiating of a aingle piece, are truaaed with iron tie-roda. 

The entrance to the docka conaiata of two locka, one 70 ft. broad, and 
800 ft. looff, and the other 45 ft. by 200 ft. We ahall notice only the double 
gatea of tne larger lock. The greateat difference of level during the equi- 
noctial tidea ia 23 ft. The engineer had prepared hia deaigns for iron gatea, 
but aa oak of auffloient dimenaiona waa found cheap, wood waa adopted, and 
the gatea are really mixed or compound, for each of the two yertioal pieoea 
on the down-atream aide, which project 11 '8 in., has aix tenaion-roda attached 
to it, forming truaaed g^era with the croaa-piecea. Each tie ia oompoaed of 
three pieoea ; the middle piece, of fiat iron If in. x 1| in., terminatea in a 
fork at each end, and the othera are of 2-in. round iron, having a head on 
one end, and a aitout nut on the other, lodged in an indent at the back of 
each post. To eaae the tenona and joints of the croaa-piecea, blocka, or 
wedge-ahaped bracketa, are inaerted between the croaa-piecea against the 
posta. 

The oak cleadinff on the up-atream aide ia 3 in. thick, and is rabbeted into ^ 
the croaa-piecea and poata ; tne jointa of theae latter are strengthened ex- 
ternally by iron atripa, 5 in. x 1 in., let into the wood, and bolted through, 
all the bolts used being galvanized. The gates, when first erected, rested 
upon a roller placed externally on the up-stream side ; but the deformation 
of the leaves caused by the reaction due to thia arrangement, neceaaitated 
the placing of another roller on the other side in order to bring the strain on 
the centre of the leaf. A cast-iron box was let into the sill to receive thia 
xoUer, and provided with a apedal valve to keep out foreign substanoea. 
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The wroi and ttep-pieoe are of cast iion : the foimer is 9 in. in diameter, and the step is lined 

with Dronae. 

The oost of this pair of gates was 2300/., exolusiye of the rollers and the hvdraulio machinery, 

of which this was the first application to dock-gates. It is worthy of remark, that creosoting was in 

this case perfectly successful ; in 1864, when the ^tes were examined, it was found that the timher 

which had been subjected to the operation was qmte sound, whilst other portions of li-in. scantling, 

that had not been so treated, was half eaten away. 

The following are some of the principal dimensions ; — Span 70 ft. ; height of the leaf aboTO the 

mitre-point, SI ft, thus giving a surface of 2170 ft. ; length of the leaf from outside to outside, 42 ft ; 

height of the leaf, 82 ft. ; thickness of the leaf in the middle, exclusive of the ties, 1 ft. 11 in. ; 

thickness at the heel-post, 2 ft. ; thickness at the mitre-post; 1 ft. 10 in. ; height of sill, 18 in. : 

breadth of the ^rts in contact, 10 in. The weight of a leaf is about 74 tons, and the quantity of 

wood employed m its construction about 2200 cub. ft. 

The figures 1, 2, 8, 4, on the vertical section, represent high water of the equinoctial tides, hifch 

water of ordinary spring tides, low water of ordinary spring tides, and low water of the equinoctial 

tides, respectively. 

Woodin Oaiea on the Mersey, — ^Dnring the last twenty years all the important lock-gates on the 

Mersey, at Liverpool and at Birkenhead, have been constructed on the system adopted by Hartley. 

The satisfactonr way in which they have fulfilled their purpose, and uie perfectly sound state in 

which they still are— even the oldest of them — ^have inducea G. T. Lyster, chief engineer of the 
Mersey Docks, to continue the application of his predecessor's system. This consists essentiiJlj 
in the exclusive use of green-heart timber of relatively small dimensions. This purpose is 
effected by constructing each leaf of several smaller leaves, having each its poets and croes-piecea. 
These partial leaves, or as they may be called, vouasoir-panelsy are held together by tie-pieces on 
the concave side, and stout iron bands and bolts. The tie-pieces extend the whole length of the 
leaf from heel to mitre-post The leaf is curved on the side of the pressure, and polygonal on the 
other side. The deadina; consists of vertical planks 8 in. thick of green-heart timber, rabbeted into 
the crosiHpieces. The sbuttine silb are of masonry and curved ; their rise is about a fifth of the 
space. We have selected the Canada Dock gates as an illustration of the system. 

The Great Oatee of Qreen^-heart TMber at the Canada Docks, Liverpool^ Figs. 5156 to 6159.>-The8e 
gates were constructed In 1857, and have a span of 100 ft They are double and form a lock 
about 150 yda in length. The gateKdiamben or recesses are arched like the gates, and their 
greatest depth is about 7 ft 6 in. The sill is laid bwre to a depth of about 11 in. at low water of 
spring tides, and about 2 ft. 6 in. at the equinoctial tides. Tet the sills of the Canada Docks are 
lower than those of any other locks at Liverpool. It would not be desirable to have the sills lower, 
because the Mersey frequently brings in large quantities of fine sand. In the present condition of 
things, the floors of the chambers may be easily cleansed at the spring tides. The mitre-point is 
19 ft from the line normal to the side walls, and passing through the centres of the two pivots. 

Emob. leaf is formed of four panels of about tne same breadth, that is, between the heel and 
mitre posts are three intermediate posts, sensibly equidistant The total height of the leaf is 
85*50 ft. ; but in the upper part there is a bay without deading which reduces the virtual height 
to 29*50 ft The cleading, whieh is 8 in. thick, is upon the up-stream side only. 

Cross-pieces, — Six cross-pieces at unequal distances apart and of variable dimensions connect the 
heel and mitre poets. The depths of the solid and open portions of the leaf thus formed are as 
follows ; — 

Feet 

First (bottom) croes-piece formed of 12 pieces, 6 deep and 2 thick 7*38 

Space in whion the sluices are 1*41 

Second cross-piece formed of 8 pieces 4 deep and 2 thick 4*28 

Space with cleading 1*91 

Third cross-piece formed of 6 pieces, 8 deep and 2 thick 2*86 

Space with cleading 8*02 

Fourth crosa-piece formed of 4 pieces, 2 deep and 2 thick 2*89 

Space with cleading 4*40 

' Fifth cross-piece formed of 4 pieces, 2 deep and 2 thick 1*90 

Height of the retaining portion 29*50 

Space without cleading 4*92 

Sixth (top) orosa-piece of a single piece 1'08 

Total height 35*50 

Each erasB-pieoe is strengthened by a tie along the polygonal face of the leaf, extending nearly 
from one extreme post to the other. These six tie-beams have in the middle a horizontal tibickness 
of 14 - 9 in., which diminishes to about the half towards the ends. The depth of these strengthening 

Sieces is 1 * 80 ft for the first two, and 1* 47 ft for the others, with the exception of the last, which 
I equal in depth to the top cross-piece, namely, 1 * 08 ft. The large bottom cross-piece has, besides 
its tie-beam, a piece of green-heart timber 1 47 ft. in depth, bolted flush with its under side, so as 
to diut against another timber fiusing on the shuttine siu. 

Taking a horizontal section of the leaf through the lower portion. Fig. 5159, we find the 
following thicknesses :— At the heel-post, 2 ft. 4 in. ; at the first intermediate post, 2 ft 5 in. ; at 
the second intermediate post (the middle of the leaf), 2 ft. 2 in. ; at the third intermediate post, 
2 ft. 2 in. ; and at the mitre-post, 1 ft. 8^ in. 

The up-stream face of the leaf is vertical throughout, and curved with a radius of 96*4 ft. ; in 
other words, the chord joining the extremity of the diameter of the heel-post with the edge of the 
mitre-post being 86 ft, the versed sine of the arc is 4* 17 ft. On the down-stream side the three 
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1 ft. 7 fa). 1 thlid port, 1 ft. 5 in. ; and mitre-poot, 1 ft. 2 in. The OTOBS-pieccB ore oarred on the aide 
of the prenuiej M)t straight on the other sido between the posts with which they ore flash. It 
follows tiom this diminution of thickness towds the top that the rodins of corvntuie, which U 
96-4tt.at theboUom, ia about 121 fl. at the top, in oonaoqueace of the flattemng of the leaf. 

JS< Hal^iost.—'Tbe heel-poet is 2 ft. 6 In. square in section, and aboat 37 ft. 3 in. in height, u 
It atanda Bevenl iuohea aboTe the top ctoes-pieca and eitends the same distance bplow the lnoeat. 
Its ring or upper axis is 21 '6 in. in diameter, and is ooTered with a csst-iron op29'9iQ. in pnter 
diameter, upon which the wronght-iron ooUar fits. To the lower end of the poet a bronze tttp- 
piece is flied. The horiiontal section shows that it is farmed of foor pieces, two rectangular, and 
two in the fonn of a quarter circle, that is, a sector oqnal to the quadrant, all nneqaal in liie to 
prevent the joints from being In line with each other. The pieces are held together bj three 
rectangnlar bsts of greeD'heort of I in, square section, tightlj fitting two groaves running Irom lop 
to bottom in two adjacent pieces, and three systems of bolts. The first, of 1} in. dinmeter, hold 
the two rectangular pieces together. The second, placed in the direetion of the length of the leaf; 
hold each rootaneular piece to its adjacent sector-piece. Tbe heeds and nuts ore deeply counter- 
sunk. The third group of bolts, 2 in. in diameter, liold the orosa-pieces against the post For 
this purpa'te a hole was bored to a depth of 2 ft, into the end of each portion of the cross-pieoa, 
and the bolt fixed in by meens of a kind of key passed throngb transversely. The projerting 
portion of the bolt is prorided with a nut countersunk into the &ck of the post The face ol the 
pnst is notched to receive the cross-pii-crs, which oie thus lodged in indents and fished on both 
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